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HIS new SC Standard Muffle Type Furnace for hardening high speed steels 


presents a modern appearance. It is one of the SC standard furnaces “dressed 


up’ to meet the present day demands for improved appearances. 


This furnace is just one of a complete line of SC standard furnaces — furnaces 
for any heat treating operation. Whether the operation requires high or low tem- 
perature, whether large or small oven, oil tempering or pot hardening . . . for high 
or low pressure . . . no matter what the heat treating or melting operation, there is 
a correct SC Standard Rated Furnace for the job... .. Write for catalog or other 
information. 


Surface Combustion Corporation 


TOLEDO, OHIO Sales and Engineering Service in Principal Cities 
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_ Alloy Steels are keeping pace 

with modern advancements in all types 
of products as Timken research and pro- 
duction men pit their combined experience 
against problem after problem. 


To meet these modern needs efficiently, 
chemical and physical properties have been 
raised to new high standards of quality and 
uniformity. Grain size control—pioneered 
by Timken—has been developed to a 
high degree of accuracy. Metallographic 
structure has been steadily improved. 


Out of this concentration of metallurgical 


thought and steel-making skill have come 


alloy steels having greatly increased endur- 
ance in service with outstanding economies 
in fabrication... forging, machining and 


heat treating. 


Does the steel you are now using give 
you the advantages of the latest develop- 
ments? It will pay you to make sure. Timken 
metallurgists will be glad to contribute 
their assistance. 


THE TIMKEN STEEL AND TUBE COMPANY, CANTON, OHIO 


District Offices or Representation in the following cities: Detroit Chicago New York  LosAngeles Boston Philadelphia 
Houston Buffalo Rochester Syracuse Tulsa Cleveland Erie World's Largest Producer of Electric Furnace Steel 


AND ANALYSES 


ELECTRIC FURNACE OPEN HEARTH @ ALL STANDARO SPECIAL 


2 METAL PROGRESS 


ON 
ay 
: 
ee 
j 
5. AF ' 
pa | 
‘ 
16 
| 
be, 
ie 
ie 
G 
lp 
| 
5 
3 


today and 


tomorrow 


S WE LOOK for the reasons for the great 
variety and diversity of the metal in- 
dustry, they are not diflicult to find. Each 

metal has gained its commercial status because 
it meets certain requirements more economically 
than any other material, or because its use pro- 
vides some special satisfaction to human beings. 
Tungsten for lamp filaments and steel for rails, 
for example, meet their respective requirements 
with greater economy than any other known 
materials, and since economy is the main factor 
in these uses, these materials have no competi- 
tion. Merely because a metal is high priced is 


no bar against its use for economy reasons. 


Platinum and gold used in industry and in 
the laboratory provide certain services more 
economically than any other materials; their use 
in jewelry, on the other hand, may depend on 
the degree of satisfaction afforded human beings. 
The consumption of large tonnages of metal, 
however, is based primarily on economics. 
A great variety of prop- 
many combina- 


erties and 


RROUS METALS 


By Zay Jeffries 
Consulting Metallurgist 
Aluminum Co. of America 


Cleveland 


allovs were already available, but the engineer 
is ever asking for properties and combinations of 
properties not vet obtainable. 
The pure metals possess a great range in 
properties, but our civilization would indeed be 
backward if it were not for the new and wonder 
ful combinations of properties obtainable in 
alloys. No pure metal, for example, is capable of 
being permanently magnetized; the permanent 
magnet and all that it has done for the electrical 
industry can be credited to the art of alloying. 
At one time the metal industry was rather 
simple. The metal producer offered his product 
for sale, and the uses depended upon a few fun- 
damental properties such as plasticity, hardness, 
and durability. Gradually the industry has be- 


come more and more complex until at the 


present time the metal supplier must know 


something about almost every industry. For this 
reason it may be interesting to consider some of 
ihe properties which are at present appraised in 
two 


the selection of one or 


metals for various uses. 


tions of properties are now 
available to the engineer. It 
might seem to the layman 
metals and 


as if too many 
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Portions of an address presented be- 
fore a meeting at last National Metal 
Congress, designed to interest members 
of the Metropolitan Section, Ameri- 
can Society of Mechanical Engineers 


cle- 


Wire for 
ments in electric heating de- 


heating 


vices must, of course, be 


plastic in order to be got into 
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the wire form; it must have a 
relatively high melting point and 
be resistant to oxidation in the 
air at a high temperature. It 
must not otherwise deteriorate as 
a result of high temperature, and 
it should have a relatively high 
electrical resistivity. Appraisal 
of such wire requires tests un- 
known to the ancient metal users. 

In a similar way other metal 
is tested for its resistance to many 
kinds of corrosion; its ability to 
withstand high temperatures and 
low temperatures; its ability to 
withstand changes tempera- 
ture; its electrical resistivity; 


Internal combustion 
engine pistons require a 
totally different com- 
bination of properties. 
The piston should be 
light to reduce inertia 
forces; it should be 
hard, strong, and re- 
sistant to repeated 
stresses both impact 
and ordinary; it should 
be a good bearing mate- 
rial both against the 
cast iron of the cylinder 
wall and piston rings 
and the steel of the 
wrist pin; it should be 


its coeflicient of expansion; its Zay Jeffries strong at elevated tem- 
change of these properties wi ‘ratures ave ig 
ee : ‘ ith Past President of American Society peratures, have high 
change in temperature; its ability for Metals —Only One of the Honors heat conductivity, and 
to be formed by pressing or other Won by This Peer of American Metal- be able to withstand 


means; its ability to receive coats 
of enamel or paint or other sur- 
facing such as electroplated and “hot dip” coat- 
ings; its reaction to certain chemicals and _ its 
behavior toward ink, as, for example, in the litho- 
graph industry; the nature of the surface with 
reference to heat radiation; its light reflectivity. 

The behavior of its surface in certain solu- 
tions for use as electrolytic condenser metal and 
for dry condensers must be known. Color and 
maintenance of color, machinability, electron 
emission, sensitivity to light for photo-electric 
cell purposes, behavior in an electric arc, mag- 
netic characteristics, bearing qualities, resistance 
to impact with both heavy and light blows, resist- 
ance to repeated stresses, in addition to the usual 
properties of tensile strength, yield strength, 
hardness, per cent elongation, and density, must 
be determined from time to time. 

Other qualities are important in determin- 
ing metal utility. Consider copper, for instance. 
in its large use in the electrical industry. Among 
the properties desired for this purpose are ease 
of fabrication in both wrought and cast shapes, 
high electrical conductivity, good corrosion re- 
sistance, ease of soldering, weldability, machin- 
ability, toughness, plasticity, relatively high 
melting point, retention of plasticity at sub- 
normal temperatures, ease of varying tensile 
strength and hardness by cold working, ability to 
withstand shock and repeated stresses, favorable 
behavior in an are and high electrical conduc- 
tivity. First cost and high salvage value also 
are of importance. 
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lurgists. Photo 


by Blank & Stoller many heatingsand cool- 


ings without substantial 
deterioration. It should have toughness at ordi- 
nary, elevated, and subnormal temperatures. It 
should have a low coefficient of thermal expan- 
sion and be relatively free from the potentiality 
of permanent change in volume in the motor. 
The alloy should be readily castable and machin- 
able, and when put into the motor, internal 
stresses should not be excessive, and it should 
have a surface which holds a thin film of 
lubricant tenaciously. In addition to all of the 
above, resistance to a variety of corrosive in- 
fluences, both during storage and use, is desired. 
Only two materials, aluminum alloys and cast 
iron, meet these requirements commercially. No 
matter which is selected, some compromise is 
necessary. Iron has the lower cost and lower 
coellicient of expansion, while aluminum alloy 
has higher heat conductivity and lower weight. 

We will content ourselves with just one 
other which illustrates the way the metallurgist 
has delicately adjusted metallic properties for 
use in modern metallic products. 

Various forms of vacuum tubes comprise an 
important group of commercial products. They 
include among others the radio and X-ray tubes. 
To try to enumerate, for example, all of the re- 
quirements of the metals used in a tungsten X- 
ray tube would be too time-consuming, but 
certain of the essential characteristics may be 
mentioned. The filament is tungsten, and, in 
addition to the properties necessary for its 
manufacture and preservation at high tempera- 
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ture. it must have low vapor pressure and high 
electron emission. The electron emission must 
be constant for a long period of time. The target 
must have a high melting point, high heat con- 
ductivity, low vapor pressure, and give off “hard” 
(or short wave length) X-rays when bombarded 
by the electrons emitted by the filament. It 
should be capable of being almost completely 
de-gassed — surely a combination of properties 
bevond the imaginings of a generation ago. 


Long-Time Trends 


So much about non-ferrous metals today. 
How about tomorrow? De Launay in 1908 sug- 
gested a normal order of metal exploitation as 
follows: “If we visualize any one of these new 
countries whatever, we see it, on the average, 
realize successively an age of gold, then of silver, 
then of copper, then of lead, then of zinc, and 
then of iron.” In 1929 Hewett extended De 
Launay’s generalization for non-ferrous metals 
and suggested the diagram shown herewith. 


Hewett’s Diagram Showing Stages in the Devel- 
opment, Exploitation and Decline of a Country’s 
Mineral Resources. No significance is to be at- 
tached to relative heights attained by the curves 


Number Production 
of Mines of Meta/ 
| Number of 
Exports | Sme/ters Imports 
y 
8 


Hewett wrote, “This diagram indicates five 
stages, shown by successive culminations of (1) 
the quantity of exports of crude ore, (2) the num- 
ber of mines in operation, (3) the number of 
smelters or refining units in operation, (4) the 
production of metal from domestic ore, and (5) 
the quantity of imports of crude ore. I do not 
insist that the order is invariable, for fortuitous 
discovery and sundry acts of government can 
slightly change the order temporarily. I merely 
urge that this is the normal order of the past.” 

Both De Launay’s and Hewett’s sequences 
depend largely on the rapid depletion of the 
richer ore bodies. 

Applying these generalities, it would appear 
that most of Europe and the United States are 
in the age of iron in De Launay’s sequence and in 
or approaching the last stage of Hewett’s suc- 
cession. Two whole continents, on the other 
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hand, Africa and South America, are still in the 
age of copper and in the second of the five of 
Hewett’s stages. 

Notwithstanding many predictions to the 
effect that the civilized world would, in the not 
distant future, be scrambling for copper, lead, 
and zine ore, the best evidence and a study of 
supply and potential demand leads to the con- 
clusion that the present generation is not con- 
fronted with a shortage of any significant non- 
ferrous metal. While it seems axiomatic that the 
exhaustion of the richer ores will, in time, pro- 
foundly modify metal economics, this is one of 
the burdens which we can safely transfer to the 
shoulders of coming generations. The changes 
will come gradually, and as any particular 
metal becomes more scarce it will be used more 
sparingly. 

Iron and aluminum comprise about 5 and 
Although 
the richer and most available ores of these metals 


8‘), respectively, of the earth’s crust. 


will in time be exhausted, the leaner deposits are 
absolutely inexhaustible. Since the largest ton- 
nages of metal find outlet for structural purposes, 
it is most fortunate for our descendents that these 
two metals make a potent structural team. 

Although forecasting is hazardous, there is 
some comfort in making predictions for the 
remote future. Not only is the forecaster re- 
lieved of much embarrassment, but the predic- 
tions are not necessarily less accurate because of 
the long time period! Some of these long time 
relationships follow. 

1. The time cannot be visualized when any 
metal will even be a close second to iron, from 
the tonnage standpoint. (At present the world 
pig iron production is 14 times that of all non- 
ferrous metals combined.) 

2. New non-ferrous metal production should 
increase in comparison with new iron produc- 
tion, at least for several generations. (In this 
connection observe that the graph on page 20 
shows that production of pig iron followed one 
trend line for 30 years, but another for the last 
20, whereas the trend of non-ferrous metal has 
continued substantially unchanged for the entire 
DU years.) 

3. Aluminum will eventually be the largest 
tonnage non-ferrous metal. (It is now surpassed 
only by copper, zine and lead.) 

4. The time cannot be visualized when any 
of the major non-ferrous metals will be so far 
exhausted as to rob industry of the richness in 
variety and combinations of properties which 
they make possible. 
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Near-By Trends 


Turning to the near future, it is evident that 
the metal consumption will not change dramat- 
ically in kind “over night.” The adjustments 
Which have already been established by rigorous 
economic processes may be assumed to reflect 
an approximate temporary balance. For the 
near term, metal consumption depends, more 
than on anything else, on the state of business, 
ferrous and non-ferrous metal production going 
up and down approximately together. 

As we try to picture the probable changes 
during the next two or three decades, we are con- 
fronied with the uncertainties of changes in 
human habits, new ore discoveries, improved 
methods of metal recovery, alloying, heat treat- 
ment, protective coatings, and the like. The past 
should, however, serve as an approximate guide 
to the frend, because these changes have been 
going on since the beginning of history, so the 
following general observations are offered for 
what they may be worth: 

1. In future use it is practically certain that 
the engineering suitability of non-ferrous metals 
will be in much greater proportion to iron than 
the present and recent past ratio of the consump- 
tion of these metals. 

2. It is equally certain that the cost factor 
(which is often the dominating one in metal 
selection) will give iron preference over non- 
ferrous metals in many applications where the 
latter enjoy better engineering suitability. 

3. In selecting 
metals in the future, 


direction is in process as evidenced, for example, 


in Japan. From now on there will be pressure 
exerted on the more backward countries in Asia 
from two sides instead of one —a sort of closing- 
in movement with America and Japan pushing 
the movement westward and Europe pushing 
eastward. We can, therefore, hope to see a fur- 
ther substantial consumption of metal in the 
backward countries. 

If and when the change becomes substantial, 
it should bring with it a great change in the non- 
ferrous industry. The scarcer important metals 
such as copper, lead, zinc, tin, and nickel should 
enter a veritable boom period. High prices 
should accompany large volume. At the same 
time the need of making the more plentiful 
metals, iron, aluminum, and magnesium, even 
more adaptable would offer a challenge to us. 

But let us not assume that western Europe 
and North America have reached a peak either 
in metal consumption per capita or in popula- 
tion. The urge for a higher standard of living 
should be strong enough to insure an upward 
trend even here. 

The following, therefore, may be listed as 
favorable factors in the non-ferrous metal in- 
dustry of the near future: 

1. Because business is at a low ebb it should 
increase and carry with it an increased consump- 
tion of non-ferrous metal. 

2. Elapsed time is in favor of non-ferrous 
metals receiving more than their former share of 


metal consumption. 


engineering — suitability 
will gradually be given Pig Iron 
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Bars Represent Annual Production of Pig Iron and of All Non-Ferrous Metals 
During Periods Noted. Change in trend for pig iron occurred about 20 
(Vertical scale at right is 20 times the one at left.) 
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Photo by Margaret Bourke-White 


for Aluminum Co. of America 


3. The western world should not have 
reached its peak either in metal consumption per 
capita or in population. 

i. Any increase in metal consumption per 
capita in the backward countries will be excep- 
tionally favorable to non-ferrous metals. 

We must admit that the world non-ferrous 
metal industry, with the exception of gold, is at 
present in an unsatisfactory state. But in trying 
to look a few years, rather than a few months, 
hence, the industry should receive much comfort 


in these indicated trends. 
Unique Position of Gold 


The gold industry is at present an exception 
to the above generalizations. This is not surpris- 
ing in view of its unique position as a money base 
and the controlling part played by money in 
world trade. It is now “on the boom,” but we 
should not be greatly surprised if the gold in- 
dustry reaches a relatively unsatisfactory state 
when the remainder of the non-ferrous metals 
again enjoy prosperity. 

This will not be because gold will fail of use- 
fulness, despite keen students of economics who 
are expounding the view that commodity indexes 
can perform many of the functions which gold 
has performed in the past. Inasmuch as its use 
as a medium of exchange is thousands of years 
old, we may ask what qualities gold possesses to 
warrant such dignity. Among them must be in- 
cluded scarcity, durability, plasticity, divisibility, 
portability, inimitability, ease of recovery from 
mixtures, ease and definiteness of appraisal, 
assurance of continuing supply, wide geographic 
distribution, small current supply as compared 
with that already mined, and value in the arts. 
If silver and diamond are considered as possible 
substitutes, the former is inferior in scarcity, 
Diamond is defi- 
from 


portability, and inimitability. 


cient in divisibility, ease of recovery 
mixtures, ease and definiteness of appraisal, and 
in geographic distribution. In short, no other 
material can be found possessing all of these 
desirable qualities to an extent even approximat- 
ing that of gold. 

But the thought has been expressed that 
some intangible thing can replace the very tan- 
gible gold. In suggesting some of these changes, 
it is probable that too little regard has been given 
to the small amount of energy which is required 
(a very small fraction of one per cent of the cur- 
rent expenditure of human energy) to provide 
the necessary new gold, so small in percentage 
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that it could scarcely be found in world costs. 
Yet the service gold performs is stupendous. — It 
serves as a moderate wealth storage, but its main 
function is to measure world trade transactions, 
It equates every world currency with every other, 
whether or not the various countries have a fixed 
gold standard. 

There are only two conditions, it seems to 
me, which could evict gold from its well-fortified 
trenches. One is that the whole world might 
some time be dominated by one government, and 
the other is a condition of perfect and continuous 
Political 


history is against the former and economic his- 


trade equilibrium among all countries. 
tory is against the latter. When we consider that 
not for one second during the past several thou- 
sand vears has man ceased to put a high value on 
gold, the burden on those who would dethrone it 


is indeed heavy. 
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HILE 1933 witnessed the curious cir- 
cumstance that the value of the 
world’s production of gold exceeded 
the value of the world’s production of pig iron 
(both figured on American prices), it can be 
assumed that pig iron will normally occupy first 
place among the metals from the standpoint of 
dollar value. It might be almost said “first place 
from any standpoint,” for it is refined into steel 
and used direct in innumerable cast products. 

Castings deserve particular attention because 
for certain applications where the requirements 


of service can be met by either castings or 
wrought products, there is a constant competi- 
tion between gray iron, malleable, or steel cast- 
ings and forgings, stampings, and welded assem- 
blies. Since the question is largely one of cost, 
it may be of interest to consider the relation 
of the business cycle to the problem. 

Prices decline during depressions, but we 
find that for good economic reasons prices of 
castings generally decline more rapidly and to 
a greater extent than those 
of the competitive wrought 
products mentioned. The 
practical conclusion is that it 
is apt to be profitable during 
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This is part of an address prepared, 
like the one by Dr. Jeffries on page 
17, for a meeting of Mechanical En- 
gineers at the last Metal Congress A 
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By Robert 8. Archer 
Metallurgist 

Republic Steel Corp. 
Chicago, 


the early stages of a depression to look for op- 
portunities to replace wrought products by cast- 
ings, while the reverse is apt to be true during 
an upward trend in business. It is perhaps sig- 
nificant that the cast camshaft and crankshaft 
were depression developments. 

There has been important progress in cast 
iron and in malleable. For general foundry 
work, there has been a revival of interest in the 
lower carbon, “high test” irons, although such 
irons seem to have been produced in certain 
foundries long ago. The introduction of electric 
furnaces into iron foundries has, however, pro- 
vided higher superheating of the metal, and the 
addition of alloys has still further enlarged the 
field for high strength and high grade iron cast- 
ings. Molding practice has also improved re- 
markably. 

Alloy gray irons have rather 
extensive use. Nickel has been employed par- 
ticularly to give greater uniformity of hardness 
thickness; chromium 


into 


varying 
largely for 
molybdenum for increased 
toughness, refinement, and 
hardness. 

iron is 


in sections of 


wear resistance; 


greater machinable 


notable austenitic 
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Better Steel and More of It, ls the Undoubted Future Trend 
Henry Mayer, the photographer, calls this “The Mill at Sunset” 


known as “ni-resist”; it contains about 14° nickel 
and 4°. copper, and is characterized by corro- 
sion resistance, non-magnetic qualities, thermal 
expansivity about 50° greater than ordinary 
iron, and relative freedom from growth and 
scaling at higher temperatures. 

Some of the desirable properties of castings 
obtained by the use of alloys can also be ob- 
tained without alloys, by careful attention to 
design and foundry practice. When patterns, 
machine shop fixtures, and manufacturing proc- 
esses are once established, however, and a need 
for some improvement in the castings develops, 
it is often cheaper to add alloys than to alter the 
other established arrangements. And, of course, 
some of the properties of alloy cast iron could 
not be duplicated without alloys. 

The more common grades of malleable 
castings, which are fully annealed to ferrite and 
temper carbon, have not undergone much change 
in recent years, except for the gradual improve- 
ments in practice and control which have char- 
acterized the whole metal industry. It is an old 
practice to harden malleable castings for certain 
purposes by reheating to above the critical tem- 
perature and quenching. It has also been known 
that a combination of high strength with low 
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ductility can be obtained by incomplete anneal- 
ing, that is, by leaving some combined carbon. 
Castings are now commercial which contain 
around O4° of combined carbon in the form of 
spheroidized carbide. Rather high strength is 
obtained with this structure, and the ductility is 
good, although not as high as that of fully an- 
nealed material. The control of the annealing 
operation is more difficult, since the graphitizing 
reaction must be arrested at a rather definite 
intermediate point. For this reason, and because 
of the necessity for close control of composition 
and for special annealing equipment, the cost 
of the new product is higher. 

Iron castings are also being produced which 
are intermediate between malleable and = gray 
iron. Many of these contain about 2.0 to 2.5% 
carbon and 1.5 to 2.0% silicon, often with alloys 
such as molybdenum. They may also be heat 
treated to cause a certain amount of graphitiza- 
tion and change in the form of the combined 
carbon. While many specific types are made, 
the general effect is to obtain high strength 
often around 100,000 psi. — together with a de- 
gree of toughness well above that of ordinary 
gray iron. 

In the steel foundries, low alloy additions 
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and heat treatment have been employed to an 
increasing extent for higher physical properties. 
It is to be noted that the compositions and treat- 
ments most suitable for wrought products are 
not necessarily the most suitable for castings. 
Perhaps more conspicuous has been the rapid 
development of high alloy castings for corrosion 


and heat resistance. 
Better Sheet Steel 


Of the many post-War developments, one 
of the most important is the continuous hot roll- 
ing of wide strip and sheet. Gradual improve- 
ments in practice have resulted in better finish, 
and the use of normalizing furnaces has im- 
proved drawing qualities. The net result of 
developments in this field is that sheet and strip 
of improved quality are available, at lower cost 
and in larger sizes. Probably the greatest single 
stimulus to these developments was the rapidly 
growing demand of the automotive industry for 
body and fender stock. 

(Other factors were important, too, particu- 
larly the use of wide strip in recent years for 
the manufacture of electrically welded pipe. 
The manufacture of tubing and pipe by electrical 
welding processes has in itself been a major 
development. Ability to produce the larger sizes 
at lower cost, and at a higher rate than ever 
before, caused the rapid expansion of natural 
gas pipe lines. Recent developments in the hot 
rolling of small seamless tubes promise improved 
inside surface and lower cost.) 

The quality of sheets for vitreous enameling 
has undergone marked improvement since the 
War. The use of open-hearth steel of very low 
carbon content has distinct advantages. The 
lower critical point Ac, is practically eliminated, 
and the upper critical point Ac,, with the cor- 
responding volume change, is raised above the 
usual temperatures for firing enameled work. 
The consequent reduction of warpage permits 
the enameling of larger surfaces, and the sub- 
stuntial absence of carbides at the surface pre- 
vents certain defects in the enameled finish. 


More Knowledge About Hardening 


The hardening of metals has become much 
better understood, and this has led not only to 
a better foundation for certain fabricating and 
heat treating operations, but also to a clearer 
conception of the functions of alloy elements in 


steel. 
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Because of the experimental difliculties in- 
cident to observations during very rapid cooling, 
it was only recently established that the tendency 
for austenite to transform into martensite is 
greater at temperatures not far below the criti- 
cal, say about 1100° F., than at somewhat lower 
temperatures. Hence, if steel is cooled through 
this zone rapidly enough to prevent decomposi- 
tion, then the austenite remains relatively stable 
until temperatures around 400° F. are reached, 
and full hardening occurs (except in certain high 
alloy steels in which austenite can be preserved 
indefinitely at room temperature). The mini- 
mum cooling rate necessary to preserve austenite 
through the temperature zone around 1100° F, 
may therefore be considered the critical cooling 
rate for hardening, and a measure of the harden- 
ability of the steel. 

The most that can be done to cool a piece 
of steel rapidly is to chill its surface quickly and 
keep it cold. The cooling of the interior of the 
piece then takes place by conduction of heat 
to the surface, and the section of the piece does 
not have to become very large before the rate 
of cooling of the interior is definitely limited by 
the thermal conductivity of the metal rather than 
by the means of quenching. The critical cooling 
rates of plain carbon steels are quite rapid, so 
these steels can be fully hardened through and 
through only in small sections. 

This brings us to the principal function of 
alloy elements in the moderate amounts used to 
improve the mechanical properties of steel. This 
function consists in greatly decreasing the criti- 
cal cooling rate, thus permitting large sections 
of steel to be fully hardened. The alloy elements 
most commonly used for this purpose are man- 
ganese, chromium, and nickel. The principal 
effect of these elements is then described as an 
increase in “hardenability,” “depth of harden- 
ing,” “penetration,” or “air-hardening qualities.” 
Molybdenum also contributes substantially to 
these qualities, though perhaps not quite in the 


«666 


same way. 

Another important advantage of the fact that 
these steels can be hardened by slower cooling 
rates lies in the decreased internal stress, warp- 
age and cracking which result from higher rates. 
The temperature differences within a piece of 
metal are less during slow cooling than during 
‘apid cooling, and there is more time for the 
relief of stress by plastic deformation. Much 
of the internal stress resulting from rapid hard- 
ening is due to the expansion which accompanies 
the change from gamma to alpha iron. During 
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hardening of alloy steels at lower rates, as on 
quenching in oil, there is more opportunity for 
carbide formation to take place simultaneously 
with (or immediately following) the change to 
alpha iron, so that the shrinkage due to the for- 
mer may partially neutralize the expansion due 
to the latter, and thus reduce the internal stresses. 

There is another important function of cer- 
tain alloy elements of the carbide forming type. 
The carbides of tungsten, molybdenum, chro- 
mium, and vanadium show more resistance to 
growth on heating than does the cementite of 
plain carbon steel. Small particle-size is in itself 
a hardening factor, and also contributes indi- 
rectly to hardness by obstructing grain growth 
in the ferrite matrix. Hence the addition of 
these elements to steel reduces the softening ef- 
fect of reheating after hardening. Higher draw- 
ing temperatures are therefore used for a given 
tempering effect. This probably results in more 
complete relieving of internal stresses, although 
it must be considered that there is an increased 
resistance, at a given drawing temper- 
ature, to the plastic deformations by 
Higher 
drawing temperatures may have cer- 


which stresses are reduced. 


tain other beneficial effects, such as, 
perhaps, the healing of very minute 
cracks formed during hardening. At 
any rate, it seems that the use of high 
drawing temperatures does contribute 
to the toughness of heat treated parts. 


The alloy elements mentioned are also a 


valuable in steels to be used at ele- 
vated temperatures. 


Grain Size Control 


Perhaps the most important met- 
allurgical development of the post- 
War period is that of grain size con- 
trol. It, however, needs no more than 
mention in a publication of the Amer- 
ican Society for Metals, since members 
of this Society have had such a prom- 
inent part in this advance. 

The inherent resistance to grain 
growth of the “fine-grained” steels 
seems to be due to the presence of 
very small particles of one or more 
constituents which do not dissolve or 
coalesce during the heat treatment in- 
volved. Such particles may act as 
nuclei for the formation of austenite 
grains on heating through the critical, 
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or as obstructions to grain growth. It is known 
that undissolved carbide particles, especially in 
high carbon steels containing the strong carbide- 
In the 
steels made fine-grained by aluminum additions, 
it is thought that the refining agent is aluminum 
Vanadium is also a 


forming elements, cause small grain size. 


oxide, nitride, or carbide. 
powerful grain refiner, and the effective form 
may again be oxide, nitride, or carbide. 

The knowledge developed in recent years 
from studies of grain growth characteristics, nor- 
mality, and hardenability has done much to dis- 
pel some of the mystery surrounding that rather 
vague quality of steel, particularly tool steel, 
which used to be referred to as “body.” Some- 
what independently of this new information, 
users of tool steel were at the same time devel- 
oping the practice of buying tool steel by speci- 
fication instead of by brand name. This practice 
has, on the whole, been successful, but it is to 
be remembered that some of the value of fine 


steels still depends upon the skill and the integ 
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A Little Sheet Metal in Exhaust and Air Conditioning Systems at 
Eastman Kodak Co, Photo by HW. L. Irwin for Applied Photography 
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rity of the steel maker in matters which are 
difficult to control by means of specifications and 
inspection. 

At the time of the World War, certain types 
of alloy steel were well established for applica- 
tions requiring a combination of high strength 
and toughness. These were, principally, (1) 
nickel steels containing up to about 5‘ nickel; 
(2) chromium steels containing up to about 1.5, 
chromium; (3) nickel-chromium steels contain- 
ing up to about 4% nickel and 2‘ chromium; 
and (4) chromium-vanadium steels containing 
around chromium with about vana- 
dium. Silico-manganese steel is clearly an alloy 
steel technically, but is not always so classed 
commercially. Probably the outstanding trend 
since the War has been in the use of molyb- 
denum. This element is generally in 
amounts from about 0.1 to 0.4°°, and is commonly 
added in conjunction with nickel, chromium, or 
nickel and chromium. In the nickel and nickel- 
chromium steels, molybdenum promotes deep 
hardening, and also seems to have a rather spe- 
cific effect in reducing or eliminating temper 
brittleness. In any steel, it favors the retention 
of hardness and strength at elevated tempera- 
tures. Considerable development work is going 
on at the present time on carbon-molybdenum 
steels, usually with somewhat 
increased manganese contents. 

Special alloy steels have 
been developed for nitriding, 
and surfaces are obtained which 
are distinctly harder than hard- 
ened tool steel, and also moder- 
ately resistant to rust. These 
steels have worked out very well 
in certain special applications. 


High Alloy Steels 


Considering the high alloy 
steels, the outstanding develop- 
ments have been in the field of 
corrosion and _ heat resisting 
steels containing high percent- 
ages of chromium, with and 
without high percentages of 
nickel. Many problems have 
had to be solved, beginning 
with the difficulties of fabrica- Vice-President 
tion and finishing. For instance, 


in particular, intergranular cor- 


26 


Robert S. Archer 


rosion and embritthement sometimes occur after 
exposure to temperatures around 1200° F. Cer- 
tain early failures were explained in this way. 
These phenomena are now much better under- 


stood, and can be avoided by proper heat treat- 
ment, proper application, and control of chemical 
composition. 

A comparatively new field for stainless steel 
which promises to become very important is that 
of light weight construction, where it competes 
with the light metals, aluminum and magnesium. 
In cold rolled 18-8 alloy, tensile strengths of 
150,000 to 225,000 psi. are obtained. This is ap- 
proximately equal, weight for weight, to the 
strength of duralumin in tension. Young’s mod- 
ulus for steel is about three times that of alu- 
minum, and the weight ratio is less than three. 
Hence steel is stiffer in tension with respect to 
elastic deformation than duralumin, weight for 
weight. 

The design of structures is, however, more 
often based upon rigidity under transverse load- 
ing than upon strength or rigidity in tension. It 
is possible to build light structures of high 
strength steel by getting the bulk of the metal 
away from the neutral axis. This often results 
in the use of material so thin that ordinary steel 
would be objectionable from the standpoint of 
corrosion, and it is this 
objection which has 
been overcome by stain- 
less alloys. 

Both stainless steel 
and the light metals 
have their specific ad- 
vantages for light con- 
struction. Aluminum is 
especially suitable for 
sheets, because it would 
be difficult to build up 
a steel structure of this 
form and of equal 
weight and st.ffness. 
Likewise aluminum and 
magnesium are suitable 
for certain forgings, 
such as aircraft engine 
crankcases and nose 
pieces, because of the 
difficulty of building up 
American Society for equivalent structures in 


Metals. For many years he was with the steel. Where the built- 
: sais Aluminum Co, of America, Cleveland. Be- 
in the austenitic steels, of the — f,6 joining Republic’s staff he was chief 
18% chromium, nickel type metallurgist for 
waukee. Photograph by Maurice Seymour (Continued on page 64) 


up steel structure is 
O. Smith Corp. Mil- practicable, however, 
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means better 


welded joints 


XY-ACETYLENE welding of steel in- 
volves heating the metal from room 
temperature up to and beyond its melt- 

ing point. Hence in a complete metallurgical 

study of the process it is necessary to consider all 
of the effects that can take place in steel over 
that entire temperature range both in the solid 
and liquid conditions, a study which covers the 
entire art of steel making and heat treating. This 
is obviously beyond the scope of a single paper, 
and it is therefore proposed merely to point out 
certain important analogies between  oxy- 
acetvlene welding and open-hearth steel making, 
and to show how best practices in the latter have 
their counterpart in processes which have greatly 
improved the quality and economy of the ox- 
welded joint. 

As is well known, steel with the 
oxygen of the atmosphere at all temperatures. 

At ordinary temperatures the action so com- 


reacts 


monly recognized in rusting takes place slowly. 
At furnace’ temperatures _ the 
tendency for iron to react with 
oxygen markedly increases, result- 
an adherent oxide 
which affects greatly the steel just 
below the surface. At the junction 


ing in scale 
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Part of a discussion of the 
metallurgy of oxy-acetylene 
welding of steel, presented to 
the 35th annual convention of 

International Acetylene Asso. and forth between slag and metal. 


By J. H. Critchent 
Vice-President 
Union Carbide & Carbon 


Research Laboratories 


of scale and steel, the carbon of the hot steel 


begins to react with the oxide of the scale at the 
mutual surface or interface, the carbon being 


converted to gaseous carbon monoxide and 


As the surface of the metal thus be- 


migrates 


escaping. 
comes decarburized, 
through the solid steel to its decarburized surface, 
and the that the 
carbon may be almost completely removed from 


more carbon 


above reaction continues so 
the steel to an appreciable depth. 

All this is in solid steel and solid scale. 
When the metal becomes molten, these reactions 
can take place at an even faster rate. Iron oxide 
becomes soluble in the liquid and hence is in a 
condition to react much more rapidly with car- 
bon and certain other elements contained in the 
molten steel. At the melting stage in the making 
of a joint by fusion welding the analogy between 
it and the end of the melting period in open- 
hearth steel making operation is quite close. In 
reaction goes on between carbon 
in the liquid steel and iron oxide 
or added iron ore, giving the bath 
a gentle boil, and the carbon is 
finally reduced to a low percent- 


the furnace a 


ige. The manganese passes back 
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combining readily with non-metallic im- 


purities in the steel and carrying them out 


of the steel bath into the slag, thus acting as 


a very effective cleansing agent. 


Perhaps the simplest product of an 


open-hearth furnace is) so-called rimmed 


stecl such as would be produced if the 


furnace were tapped at the end of the 


operation very roughly outlined above, 


except for the addition at the end of a small 


further amount of manganese. However, 


rimmed steel is simple only in the number 


constituents involved actually, it is u 


tvpe of steel which calls for the highest skill 


de 


the melter. it depends primarily on a 
finite content of iron oxide for correct be- 


havior in the mold and the content of oxide 


varies with carbon content and temperature 


of the steel and the size of the ingot being 
cast. When well made, there is a gentile 


effervescing in the mold which results in an 


ingot with an exceedingly clean and dense 


surface, but containing many small cavities 


or 


blowholes toward its center. Such a steel 


when rolled into sheet or drawn into wire is 


well adapted to the production of many 


articles which must have a good surface. Its 


strength and other physical properties, even 


when perfectly made, are strictly limited by 


the fact that only low carbon steels can be 


rimmed and the presence of alloying cle- 


ments is prohibited by the nature of the 


operation. If rimming steel is imperfectly 


ide, the less said about it the better! 


Ripple Welding With Neutral Oxy-Acetylene Flame 
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a Close-Up of Blowpipe, Tip, Rod and Puddle 


Welding Rods of Soft Steel 


The above outline of principles involved has been 
necessarily cursory and abbreviated, but it is hoped 
sufliciently clear for the purposes of this paper. Let 
us see how they apply to oxy-acetylene welding, giv- 
ing attention first to the older and newer welding rods 
and weld metal made with them. 

Disregarding the early use of Norway iron, the 
first oxy-acetylene welding of good quality (strength 
approaching that of mild steel) was done with low 
carbon steel rods containing a minimum of other ele- 
ments, wherein the welding operation is quite 
analogous to the making of rimmed steel. In heating 
the base metal and welding rod to the fusion point, 
both become coated with scale. Several effects re- 
sulting from this fact have a direct bearing on the 
manipulation during welding and on the quality of 
the finished weld: 

First, the scale on the surface of the metal melts 
at a lower temperature than the steel itself, hence 
must be removed from the surface in order to get 
adhesion between the added metal and the base metal 
(as is necessary for a metal-to-metal joint). In order 
to be certain that this had been accomplished, the 
operator melted a considerable amount of base metal 
alongside the joint, giving a wide weld and using an 
excessive amount of oxygen and acetylene. Also, in 
order to make sure that this liquid iron oxide was 
completely eliminated from the weld, it was necessary 
to carry the temperature of the metal well above its 
melting point in order to obtain the liquidity that 
comes with higher temperatures. Further, the oxide 
dissolved in the metal reacted to some extent with the 
carbon, giving rise to blowholes, and the complete 
absence of silicon, manganese, and other deoxidizing 
clements prevented a cleaning action such as goes on 
in an open-hearth furnace during the manufacture of 
high grade steel. The carbon content of the rod had 
to be low to avoid excessive reaction between it and 
copious amounts of iron oxide which were present, 
else it would have led to a serious number of blow- 
holes; the scale on the surface of the base metal 
further decarburized it, thus lessening the amount of 
strength-giving carbon in the weld; and the sluggish 
flowing qualities of the weld metal (substantially pure 
iron) led to the ripple type of weld, since the metal 
had to be blown into place. An excellent study of 
the operation is given in the photo alongside. 

In spite of all these difficulties these welds served 
the early days of the industry well. To get good welds 
required a high degree of skill on the part of the 
welding operator, and led naturally to the tempera- 
mental nature of that worthy gentleman. 

With growth of the welding industry and _ in- 
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creased knowledge of its difficulties and needs 
came realization of the important role played by 
ihe rod aside from that of simply supplying 
metal to fill the scarf or vee. Rods were devised 
containing the elements on which the steel manu- 
facturer relies for producing high grade steel. 


Slag Forming Elements in Rod 


By the addition of silicon and manganese 
the gas-forming reaction between carbon and 
iron oxide was minimized and replaced by a re- 
action between these metallic elements and iron 
oxide. Since the products of these reactions are 
solid or liquid rather than gas, they do not result 
in blowholes. With the proper balance between 
the silicon and manganese contents in the weld- 
ing rod, the ratio of silica to manganese oxide is 
controlled so as to produce a fluid slag of man- 
ganese silicate which readily floats to the surface, 
effectively cleansing the weld metal as it does so 
and then blanketing it against further oxidation. 

These improved welding rods 
had far-reaching influence on the 
art. Eliminating the causes of the 
undesired reaction between carbon 
and iron oxide makes it possible 
to increase the carbon content of 
this type of rod (and conse- 
quently of the weld metal) to a 
figure comparable to the usual 
structural steel. As a consequence 
this type of rod vields sounder 
welds of materially higher 
strength than the best obtainable 
with rods of Norway iron or low 
carbon steel. The strongly reduc- 
ing elements in the rod remove the 
scale on the base metal without 
leading to further troubles, thereby 
presenting a clean surface for the 
weld metal to adhere to, making it 
unnecessary to melt deeply into 
the base metal. Further. the in- 
creased carbon, silicon and man- 
ganese in the weld metal mate- 
rially lower its melting point so 
that it flows well and is easily 
placed where desired. All of these 
factors reduce the strain on the 
operator and the amount of work 
that the welding flame must do, 
leading to better technical results 
and, equally important, 
production costs. 


lower 
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Welding With Carburizing Flame 


More recently (within the last year, in fact) 
a still further advance has been made, this time 
in the technique of welding, which, coupled with 
the improved rods, now makes oxy-acetylene 
welding a very different procedure from that of 
vesterday. By using a carburizing or excess 
acetvlene flame, the welding blowpipe is made to 
perform an added function. The new procedure 
depends on the fact that carbon very effectively 
reduces iron oxide, that hot steel readily absorbs 
carbon, that carbon migrates through hot steel 
at a rapid rate, and that high carbon steel has a 
melting point several hundred degrees lower than 
low carbon steel. 

In it the carburizing flame is directed back- 
ward against and over the completed weld, but 
in such a way that the excess acetylene flame 
spreads out over the scarf or vee in advance of 
the molten puddle. Any iron oxide that may be 
on the surface of the metal is reduced by this 


J 


Backward Welding at High Speed, With Carburizing Flame Directed 
Against Rod; Tip Has Auxiliary Openings for Preheating Metal in Vee 
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flame to a spongy type of iron which readily 
absorbs carbon from the flame. The melting 
point of this thin and porous layer falls as the 
carbon increases in it, until when fully carbu- 
rized, it is nearly 700° F. below the melting point 
of carbon-free iron. 


Promotes Dense Metal in Joint 


This very simple welding procedure thus 
serves to eliminate the troublesome and _ gas- 
producing scale in advance of the welding opera- 
tion so that blowholes from this source are pre- 
vented. It also adds an appreciable amount of 
strengthening carbon to the surface of the base 
metal which, without this treatment, would have 
been decarburized by its oxide surface. 

Moreover, the highly carburized surface of 
the scarf is easily brought to a “sweating condi- 
tion” (incipient melting) in advance of the weld- 
ing operation without any particular attention 
being paid to it by the operator. This condition 
is perfect for forming the union between liquid 
metal from rod and base metal. There is no need 
for melting into the scarf to secure clean metal 
for this union and the operator's attention needs 
to be directed mainly to melting the rod. As a 
result, the groove can be narrowed, hence less 
rod is needed to fill it, and this, together with the 
elimination of melting the scarf, leads to rapid, 
sasy welding at a reduced cost for materials. 
The highly carburized surface of 
the base metal is rapidly absorbed 
by the added metal and the carbon 
diffuses uniformly through the 
weld while it is still at a high 
temperature, giving a_ uniform, 
strong and ductile joint. 

Another real advantage is that 
it can be made semi-automatic for 
certain applications. The reduced 
attention required from the oper- 
ator at the focal point of the weld- 
ing enables the construction of an 
apparatus by which the rod is fed 
by gravity as needed; several 
flames are provided, each designed 
to carry out a particular function 
of the operation — reducing, car- 
burizing, preheating, and melting. 
As would be expected, all this 


best be illustrated by quoting from the Report of 
the Oxy-Acetylene Committee to this 35th annual 
convention of the International Acetylene Asso- 
ciation. It quoted from records made in 1924 on 
the first big all-welded gas line, constructed by a 
crew of 220 blowpipe operators (then an unprec- 
edented number). 

“Standards of productivity at that time 
called for four to five welds per day on 16 and 
18-in. pipe, rather lighter in weight than stand- 
ard. We are now expecting each welder to pro- 
duce from 20 to 25 joints per day on 18 or 20-in. 
pipe, and as many as 60 or 70 joints per day on 
6-in. Strange as it may seem, the torches do not 
use appreciably more oxygen and acetylene per 
hour of operation than was required ten years 
ago. The welds are somewhat narrower, but we 
are depositing at least three times as much metal 
for the same quantity of gas in the flame. 

“It is also a startling thing to compare the 
cost sheet for a welding job with the costs of ten 
years ago, or a little further back, say imme- 
diately after the War. At that time it was un- 
usual to include in an estimate any items other 
than the welder’s time and the oxygen and 
acetylene. The welding rod (which was then of 
the Norway iron type costing about 7¢ per Ib.) 
was considered to be such a small part of the 
total that it could safely be left out of the cal- 
culation of costs. 

“With the development of high grade weld- 
ing rods, reduction in 
gas cost, and improve- 
ment in efficiency of 
applying the flame, the 
net price to the supply 
companies now indi- 
‘ates that the welding 
rod exceeds in value 
the cost of both gases! 
Inasmuch as the weld- 
ing rod for working on 
ordinary steel has in- 
creased in value by 
approximately 100%, it 
is obvious that there 
has been a marvelous 
decrease in the other 
costs. Even in the item 
of labor there has been 


J. H. Critchett a marked relative de- 


leads to an ease and speed of 
welding impossible under earlier 
methods. 

This matter of economy may 
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Prior to joining the Carbide organiza- 
tion, many years ago, Mr. Critchett was 
an electric furnace man, He is now 
vice-president of Union Carbide and 
Carbon Research Laboratories, Inc. 


crease due to the much 
more rapid application 
of the weld metal into 
the joint.” 
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its scope and 


possibilities 


HIS SUBJECT is known under a number 

of aliases, of which the above title is only 

one. “Precipitation hardening,” “disper- 
sion hardening,” “age hardening” — all of these 
names are currently used, and reflect one or an- 
other of the interesting aspects of the subject. 
None, unfortunately, is a complete revelation of 
it. Indeed there are not wanting those scientists 
who allege that the aliases are all largely frauds 
anyway, and that the subject’s real name and 
origin are not known, even now! 

However, let us be polite and use all of its 
names as occasion requires; and first of all that 
of “precipitation hardening,” since of them all it 
perhaps best describes, and will serve to intro- 
duce, that outwardly simple phenomenon to 
which the names were originally given, and 
which first attracted attention in connection with 
the alloy duralumin. 


In order to describe this phenomenon briefly, 
it will be best to choose a simple example such as 
a silver-copper alloy corresponding approx- 
imately to sterling silver. 

Metallic silver dissolves 8.8° of copper in 
solid solution at 780° C. (1435° F.); the copper 
solubility diminishes, however, with decreasing 
temperature, dropping to perhaps 2° at 300° C. 
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ECIPITATION 


By Paul D. Merica 


Assistant to the President 
International Nickel Co. 


(600° F.) and below. When an 8° copper-silver 
alloy is slowly cooled from 750° C., copper is 
therefore continuously precipitated from solid 
solution, leaving at 300° about 2°% still in solid 
solution and 6‘; in the form of precipitated free 
copper. The alloy after this treatment is mod- 
erately harder than pure silver. 

Precipitation of the excess copper may, how- 
ever, be prevented by cooling fairly rapidly from 
750° C., after which treatment the copper is re- 
tained in supersaturated solution at ordinary 
temperatures. In this condition the alloy is still 
soft, softer, indeed, than in the slowly cooled 
condition. This supersaturated solution of cop- 
per in silver shown in the left micro on the next 
page is unstable in the sense that it will precip- 
itate excess copper if tempered for a few hours 
at about 300° C. Because of limited diffusion 
velocity at these temperatures, the copper is 
precipitated, not in relatively coarse particles as 
during slow cooling, but as a shower of finely 
dispersed particles of submicroscopic size, which 
cause the microstructure to etch much more rap- 
idly. The alloy after such treatment is consider- 
ably harder than after slow cooling or after 
quenching. Actual Drinell hardness values are 
about as follows: 
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been extensively studied, and the lines showing phase 
changes and limits of solubility are plotted by Cyril 
Stanley Smith in National Metals Handbook, 19338 
Edition, page 1168, according to most probable values 


HARDNESS OF STERLING SILVER 


Quenched and aged at 300° C. (575° F.) .. 110 
Quenched and aged at 500° C, (930° F.) 2.) 75 


Important is the fact indicated in the last 
line that if the tempering treatment is executed 
at higher than the optimum temperature, the 
precipitated copper particles coalesce somewhat, 
their size is greater, their number less, and the 
resulting “age hardness” also less. The alloy 
“over-ages,” as We say. 

Hardening by precipitation and dispersion of 
particles brought about through aging! It is 
readily understood why this type of alloy harden- 
ing has received all of its 
various names! 

It is found only in 
alloys and not in pure 


temperature or a lower temperature “tempering” 
to produce the finely dispersed precipitate. It is 
found only in those alloys in which super- 
saturated solid solutions are possible; in conse- 
quence, only in alloys in which there occur fairly 
marked changes of solubility of some alloy con- 
stituent, as the temperature changes. 

The specifications for precipitation harden- 
ing thus seem to be very simple (although there 
are still some tricks about it which we do not 
wholly understand). 


Why Are Aged Alloys Hard? 


Now, why are such alloys hard? Or, perhaps 
more accurately, why are they harder in the heat 
treated than in any other condition? Perhaps we 
shall do well to examine this important 
question through two different sets of theoretical 
spectacles. 

The theory of slip interference held in much 
favor by American metallurgists was advanced 
and so ably elaborated by Zay Jeffries and his 
associates, and teaches that hardness is the result 
of resistance to slip and to deformation on glide 
planes in the lattice of the metallic crystals 
comprising the specimen. Any alteration within 
this lattice which increases slip resistance also 
increases hardness, and vice versa. A “stranger” 
particle in any such lattice obviously breaks the 
continuity of adjacent glide planes and interferes 
with slip-—it locks or keys those planes. As 
shown in the diagram on page 33 the total resist- 
ance exerted by a set of such particles depends 
more on their number than on their size, and is 


. 
metals, since segregation a 
of a second metal or con- ‘ee ; 
stituent is required. The 
standard heat treatment 
which induces it com- 
“> 14 
prises (1) annealing at a : ; - 
high temperature long 
enough to bring about { : 
solution of the hardening i 
constituent; i.e. a “solution 
treatment”, (2) rapid cool- 
ing or quenching to. or- 
dinarv temperatures to Precipitation of Excess Copper in Sterling Silver (92.7 Ag, 7.3 Cu) 
tl At left is material annealed 15 min. at 1400° F., Rockwell B-0.5 hard. 
suppress © 6norme At right is same after reheating 1 hr. at 600° F., Rockwell B-76 hard. 
coarse precipitation, and Magnified 200 x; Etched with CrO, + H.SO. Courtesy R. H. Leach, 
(3) “aging” either at room manager of research and development for Handy and Harmon 
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consequently at a maximum when the number of 
particles is largest—- namely, when they are in 
so-called “critical dispersion.” (When the par- 
ticles become so fine as to disintegrate into their 
constituent atoms, however, these atoms take 
their places, in true military fashion, on the lat- 
tice points of their metallic host and individually 
exert but little resistance to slip on its. slip- 
planes.) 

European metallurgists think of age harden- 
ing more in terms of the “distortion” theory, 
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Diagrams Applying to Two Theories of Hard- 
ening; Lattice Distortion at Left and Slip Inter- 
ference at Right. In either theory the specific 
effect of a given amount of hardening sub- 
sfance depends upon its degree of dispersion 


advanced and supported by the late Walter 
Rosenhain and others. They suppose — that 
“roughening” of lattice slip planes (in conse- 
quence of irregularity of lattice spacing) is re- 
sponsible for hardness. Such roughening is 
actually produced even by stranger atoms in 
solid solution which occupy points on the host 
lattice, and this accounts for the hardness of 
solid solutions. When two or more such atoms 
gather together the distortion of the adjacent 
lattice is much greater than that produced by a 
single atom, and supposedly extends through 
several atom layers, producing thus from a 
relatively small active nucleus a large ball or 
volume of distorted or roughened host lattice. 
Following this conception, it is easy to picture a 
finely dispersed set of particles, each containing 
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several atoms, as inducing the greatest amount 
of lattice distortion and consequently the maxi- 
mum hardness. 

Both of these theories vield very useful and 
stimulating pictures of the age hardening process, 
and seem to me not widely different. Each 
merely places emphasis upon different aspects of 
the hardening mechanism, and in’ particular 
upon the part played by the lattice volumes im- 
mediately surrounding the activating or harden- 
ing particles. As vou think about the phenomena 
of age hardening, you will probably find first the 
one and then the other the more valuable. 


Other Age Hardening Systems 


Some irreverent person reading this may 
well think: “Well! What vou tell me is all 
frightfully simple and | am amazed that we 
haven't found age hardening alloys carly and 
everywhere. Metallurgists must have been prac- 
tically as dumb as economists!” 

I am afraid we shall just have to grin and 
bear that jibe! Such alloys are indeed abundant 

they are probably the rule rather than the 
exception in alloy systems, and now that we have 
the knack of it, it is almost “infra-dig” for a 
metallurgist not to have his own pel alloy of the 
age hardening variety. 

We realize, indeed, that there are even dif- 
ferent breeds or strains of such alloys, resem- 
bling in some respects the simple duralumin type 
which I have just described, but exhibiting some 
important and different characteristics as well. 
Let us take a brief look at some of the rest of 
the family. 

In the 8. copper-silver alloy, age hardening 
was possible because of the transformation dur- 
ing cooling of about 6° of the alloy lattice sup- 
pressed by quenching and then allowed to 
proceed at low temperatures. Now there are 
many other types of transformation in solid alloy 
systems. Is it possible that age hardening may 
be associated with any such transformation? 
The answer is ves, and in many, perhaps most 
such cases, quite appreciable age hardening re- 
sponse can actually be realized. 

A common variety of such transformation is 
that in which a solid solution changes upon cool- 
ing into two constituents; this is the so-called 
eutectoid transformation. It is illustrated in the 
beta brasses and bronzes. For example, an 
aluminum - copper alloy containing 11.9%. alu- 
minum when quenched from temperatures above 
that of its transformation, about 570° C., hardens 
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upon tempering at temperatures between 400 and 
590° C. As shown by the equilibrium diagram 
all of the beta alloy lattice, stable at the higher 
temperature, decomposes and transforms at 
lower ones into new phases or lattices, alpha and 
delta in this case. The aging hardness of such 
eutectoid alloys is often predominantly due to 
the inherent hardness of the precipitated constit- 
uents, although “critical” dispersion of these 
constituents as induced by suitable heat treat- 
ment can play an important part as well. For 
several reasons this type of age hardening alloy 
has not so far achieved any significant practical 
importance. 

A comparatively rare (but practically a most 
useful type of transformation in dental alloys) 
is that in which a phase or lattice type, stable at 
higher temperatures, transforms completely at a 
lower one into another phase or lattice. This is 
true of certain of the gold-copper, palladium- 
copper, and platinum-copper alloys, and in con- 
sequence of this transformation they display age 
hardening characteristics which, externally at 
least, are strikingly similar to those of the simple 
or duralumin type and which are developed by 
the same kind of heat treatments. 

So the duralumin type of age hardening 
alloy has several relatives, of which — as is the 
case so often with relatives — some are all right, 
but others turn out to be not much good! Luckily 
the duralumin type is the principal branch of 
the family, and the number of individuals be- 
longing to it not only markedly outnumbers those 
of the other types, but it is likely always to do so. 
Probably a hundred different alloys of the prin- 
cipal type have already been described either in 
the technical or the patent literature and their 
number would appear to be almost unlimited. 


Unique Properties of the Alloys 


Now at this point an impatient and possibly 
Scotch reader may well ask, “Of what value to 
us are these alloys anyway? I realize,” says he, 
“that they have provided us during recent years 
with a certain amount of metallurgical entertain- 
ment, but are they useful?” 

Well, that is a fair question and deserves 
some attention. 

The principal asset of hardenable alloys is, 
of course, their improved strength and hardness. 
How much can we improve them actually in this 
respect? How far can we lift their properties 
above the usual levels? 

The improvement is considerable in many 
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‘ases and even striking in some. In duralumin 
(containing about 5% of alloying elements) a 
tensile strength of 60,000 psi. can readily be ob- 
tained by suitable heat treatment. This may be 
compared with 14,000 psi. for pure aluminum 
and with 25,000 psi. for the annealed or normal- 
ized duralumin or for cold worked aluminum. 
The increase in strength of duralumin due to 
heat treatment is about 140°. All this by the ad- 
dition of as little as 1.5% of magnesiumand silicon 
to aluminum, an alloy addition which alters but 
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Per Cent Aluminum, By Weight 


Part of Copper-Aluminum Equilibrium Diagram as 
Drawn by Stockdale Except That Eutectoid Tempera- 
ture (750° C.) Is as Determined by Smith and Lindlief 


slightly the other fundamental properties of alu- 
minum such as density and corrosion resistance. 

Duralumin is not unique in this respect. By 
the addition of about 4° of aluminum to monel 
metal an alloy is obtained which is capable of 
developing, through suitable heat treatment, 
proportional limits well over 100,000 psi., to- 
gether with tensile strengths of over 150,000 psi., 
increases of over 150° and 100° respectively. 

Gold-copper alloys hardened by platinum or 
palladium will develop tensile strengths in the 
neighborhood of 150,000 psi. through suitable 
heat treatment alone and without cold working. 
These are rather noteworthy values when com- 
pared with the normal strengths of the con- 
stituent metals, of which the highest is about 
39,000 psi. for copper. 

Even the soft white metals can be improved. 
A 2.5% antimony-lead alloy can be heat treated 
to about 12,000 psi. tensile strength; with as little 
as 0.1% calcium the strength of lead can be 
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boosted, by adequate aging, to about 7500 psi. 
These figures may again be compared with that 
of about 2000 psi., which represents the short 
time tensile strength of lead itself. 

As may be readily imagined, copper lends 
itself readily to precipitation hardening. When 
alloyed with about 2.5°¢ beryllium it can be heat 
treated to about 400 Brinell. This is a very re- 
spectable hardness for 97° copper, when it is 
considered that copper, even when cold worked, 
does not yield a hardness much above 100 Brinell. 
Indeed, in this alloy possibly culminates the old, 
old search for hardened copper, for I don’t know 
of any harder copper that the world has ever 
known! 

These figures will give a fair impression of 
what is actually possible in age hardening alloys. 
You will have observed that, although there are 
some exceptions, they bear on the whole a loose 
relation to the properties of the base metal or 
alloy itself. In other words, it is unlikely that a 
soft metal such as lead can be alloyed and heat 
treated to the same hardness as copper or nickel. 
Perhaps a useful, rough way of looking at it (and 
one which has some theoretical basis) is that one 
may usually expect harden- 
able alloys to develop prop- 
erties comparable with those 
of the base metals when se- 
verely cold worked. The 
actual values, however, often 
fall short of this mark and do 
sometimes also considerably 
surpass it. 

It will be agreed, I think, 


that in one field at least 
age hardening alloys have 


achieved a position of domi- 
nating importance —in_ the 
field of light aluminum alloys, 
which duralumin has so revo- 
lutionized. The art of light 
metal construction prac- 
ticed particularly in 
the transportation field, would 
not have 


today, 


advanced its 
present status without it. The 
phenomenon of age harden- 
ing has in this field made a 
contribution of really funda- 
mental importance, meeting 
a natural economic demand 
for a light alloy of high 
strength, with the usual happy 
consequences, discovered. 
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Paul D. Merica 


In War time, when at the Bureau of Stand- 
ards, Dr. Merica with Messrs. Waltenberg. 
Freeman and Scott 
new duralumin alloy, and advanced an in- 
genious hypothesis 
hardening with lapse of time : 
which fits most of the additional facts since in 
Photograph by Bachrach, N. Y. 


In several other fields as well, age harden- 
ing and age hardening alloys are becoming of in- 
creasing importance. I think of the lead alloys 
with antimony or with barium or calcium, used 
both for cable sheathing and for bearings, and of 
the so-called beryllium bronze, sponsored by one 
of the leading brass companies and used for 
springs. In a field of a quite different sort, the 
hardenable alloys of gold, platinum, and palla- 
dium are rendering the dentist substantial assist- 
ance in building the complicated and_ tricky 
structures that enable some of us to continue to 
at beef, toast and roughage. 


The Marketing Problem 


If we look further and are perhaps a bit dis- 
appointed that we do not find as much com- 
mercial exploitation of the possibilities of age 
hardening as would seem justified, we must be 
reminded, I think, that the art is after all very 
young — not more than a dozen years old,  A\l- 
though a great deal of preliminary and explora- 
tory work has been done in discovering and in 
inventing new hardenable alloys, it naturally 

requires time to dis- 
cover markets for these 
alloys and to adapt 
these alloys to their 
markets. 

We should also not 
overlook the fact that 
the market for harden- 
able non-ferrous alloys 
is apt to be a special- 
ized one. Non-ferrous 
alloys are generally 
used for reasons other 
than those’ involving 
hardness and strength 

for corrosion resist- 
ance or for electrical 
properties, for example 

and uses for them re- 
quiring, in addition, 
higher mechanical 
properties are apt to be 
limited with respect to 
tonnage requirements. 

There is one field 
in which there is still an 
natural de- 


investigated the then 
unfilled, 
fo explain its strange mand for high strength 


a hypothesis 


non-ferrous metals 


(Continued on page 60) 
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im steels 


and alloys 


INCE the discussion of the development 

of titanium alloys that was published in 

Merat ProGress in 1931, only occasional 
scattered notes have served to acquaint readers 
with the additional uses of this element that 
have arisen from time to time in metallurgical 
practice. 

It was in 1931, or the same year when the 
publication mentioned above appeared, that gen- 
eral interest began to be focused on titanium 
as an alloying element in steel. Previously it 
was known chiefly as a deoxidizer, and it acts 
so powerfully in that way that almost all the 
titanium added to a given melt is normally used 
in combining with the oxygen and nitrogen first 
in the steel itself and later in its surroundings. 
Thus the retention of an appreciable titanium 
content in a finished steel requires not only care- 
ful preparation of the bath but also strict atten- 
tion to the furnace lining, slag used, and amount 
of exposure to the atmosphere. These require- 
ments have been generally appreciated and effec- 
tively met only within the past few years. 

Konel Alloys — One of the earliest important 
applications of titanium as an alloying element 
was in the “konel” alloys, developed by E. F. 
Lowry of the Westinghouse laboratories in 1929. 
Although not a steel, this material merits a de- 
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By George F. Comstock 
NMetallurgist 

Titanium Alloy Mfg. Co. 
Niagara Falls, N. Y. 


scription here because it exemplifies in typical 
fashion the age hardening effect of titanium on 
other metals. A _ typical alloy contains about 
73% nickel, cobalt, iron, and 2.5‘; 
titanium, and its best properties are developed 
after quenching from 1750° F. in water and aging 
several days at 1200° F. The tensile strength at 
1100° F. is then over 75,000 psi. with nearly 25° 
elongation! Austin and Halliwell in their paper 
on high temperature alloys of nickel-cobalt-iron, 
read before the Institute of Metals Division of 
the American Institute of Mining and Metal- 
lurgical Engineers in 1932, described a number 
of modifications of this composition with even 
more remarkable strength and stiffness at high 
temperatures. They were convinced that al- 
though the presence of cobalt was thought to be 
necessary, the hardening constituent was most 
probably Fe,Ti. 

Tron-Titanium Diagram — The age harden- 
ing of iron and austenitic steels by means of 
titanium was investigated and reported by many 
others at about this same time, notably by Was- 
muht and Kroll in Germany (see Journal, British 
Iron and Steel Institute, 1931, II, page 670). In 
this country Hensel described the “Age Harden- 
ing of Austenite” before the Iron and Steel Divi- 
sion, A.I.M.E. in 1931, and Seljesater and Rogers 
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also presented a paper in Transactions, ASS.T., 
in April, 1932, on “Hardness of Dispersion-Hard- 
ened Iron Alloys.” The latter suggested a change 
in the classical iron-titanium equilibrium dia- 
gram of Lamort in that the solubility of the 
compound Fe,Ti in iron should be shown to 
decrease from 6.30 titanium at the eutectic tem- 
perature (24125° F.) to only about 3¢¢ at room 
temperature. This would explain, of course, the 
ability of iron alloys containing over 3% titanium 
to age harden by precipitation of Fe,Ti on re- 
heating of the quenched supersaturated solid 
solution. Hensel also agreed that marked age 
hardening required above 3% in his austenitic 
steels, but Wasmuht found that in the presence 
of another element such as silicon or nickel the 
effect obtained with than 3° 
titanium. 

Some of the results secured with titanium 


could be less 


in this way might be quoted to show the degree 
With 
5.4% titanium and an aging temperature of 1100 


of hardening which may be expected. 


F., Seljesater and Rogers showed an increase of 
hardness from Rockwell C-18 to 
C-45. Kroll found age hardening in his nickel 
alloy steels from about 300 to over 500 Brinell 
titanium. Hensel used austenitic 
nickel-manganese steels, with 3 to 6‘: titanium, 
and found the Brinell hardness was raised from 
about 170 as quenched from 1830° F. to around 
340 after aging several days at 1100° F. Some 
of Hensel’s aged alloys showed rather remark- 
able tensile properties, such as 142,400 psi. tensile 
strength with 40% elongation, or 70,000 psi. pro- 
portional limit and 107,000 psi. yield point with 


about about 


with 3 or 4% 


13.5°¢ elongation. 


Affinity For Carbon 


The property of titanium which is chiefly 
responsible for its growing use today as an alloy- 
ing element in steel is its strong affinity for carbon, 
coupled with the comparatively low solubility 
of titanium carbide in solid steel. On account of 
these two facts titanium additions in suitable 
amount to a low carbon alloy steel virtually serve 
to remove all the carbon from participation in 
the physical changes normally experienced in 
cooling, so that the net result is equivalent to 
a steel with almost no carbon! 

Commercial production of alloy steels with 
carbon as low as say 0.02°% is difficult, and it 
may often be simpler and more economical to 
add a certain percentage of free titanium to take 
‘are of a reasonable amount of carbon in the 
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finished steel. This action of titanium also per 
mits the use of higher carbon grades of other 
alloys such as ferrochromium, at an attractive 
saving in cost. Since titanium carbide has the 
formula TiC, and the atomic weight of titanium 
is just four times that of carbon, it requires 
theoretically four times as much titanium as 
carbon to combine with all of the latter clement 
in a steel (practically about five or six times, 
to provide the necessary excess to insure a fairly 
complete reaction). 

Weld Decay Soon after the 


sudden rise to popularity of the 1 


Fifteen-Ton Flywheel Made 
From Gray lron Treated With 


Ferrotitanium to Refine 


austenitic stainless steels about the Grain. Inalysis. 
1.23 Si, 079 Vn, O18 
seven or eight vears ago, it was Ni. 0.20% P. 0.10% S. 0.12 
discovered that when heated to Ti. Tensile strength 34.400 
temperatures between about 900 psi, in 1',-in, diameter se 
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any fusion weld, a peculiar form of deterioration 
was liable to occur, causing embrittlement and 
loss of corrosion resistance at the grain bound- 
aries. This defect was first studied in Germany; 
it was decided that it was caused by precipita- 
tion of chromium carbide, which removed chro- 
mium from the austenitic solid solution and 
altered its resistance to corrosion. The localiza- 
tion of this trouble at the grain boundaries was 
accounted for by the Germans Strauss, Houdre- 
mont, and their associates (see Stahl und Eisen, 
1930, pages 1473 and 1526) by the slow diffusion 
of chromium as compared with carbon at temper- 
atures below 1500° F., so that the carbon collect- 
ing at the boundaries combined with chromium 
there, removing it from the solution, while the 
chromium from the interiors of the grains could 
not diffuse fast enough to the boundaries to main- 
tain the latter in a stainless condition. This 
explanation is supported by the observation that 
on heating beyond 1500° F. so that chromium 
may diffuse rapidly, the susceptibility to corro- 
sion at grain boundaries is overcome. 

In seeking a remedy for this disease, as it 
might be called, that would be practical irrespec- 
tive of heat treatments, titanium was added to 
the alloy both in Germany and England, and 
it was found to be effective in taking care of the 
carbon so that the austenite was not altered and 
the corrosion resistance of the steel was main- 
tained even after heating to the dangerous tem- 


Micros Illustrating Effect of Titanium in Preventing 


perature range. British patents on this use of 
titanium were issued to the Krupp firm in 1930 
(No. 337,349), and to Hatfield and Green in 1931 
(No. 362,902). 

A little later the intererystalline embrittle- 
ment of the 18-8 stainless steels was studied 
thoroughly by numerous investigators both in 
America and abroad, and the effect of titanium 
was included in many of the reports published, 
so that this use of titanium as an alloying element 
is probably well known today by readers of 
Metrat ProGress. Since the appearance of the 
papers by Payson before the Lron and Steel Divi- 
sion, A.I.M.E., in 1932, and by Bain, Aborn and 
Rutherford in Transactions, A.S.S.T., 1932, as well 
as others, on the prevention of intergranular 
corrosion in the austenitic chrome-nickel steels, 
the dependence of the defective condition on 
carbide formation has been definitely established. 
The whole matter is carefully discussed in The 
Book of Stainless Steels. 

The trouble is not encountered in steels with 
extremely low carbon content, and the function 
of titanium is primarily to remove the influence 
of carbon from the solid solution, as has already 
been explained. With carbon safely held in com- 
bination with titanium, chromium carbide can- 
not form at the grain boundaries, and chromium 
is therefore not removed from the solid solution, 
the corrosion resistance of which is thus main- 
tained at all points. 


Air Hardening of High Chromium Cast Steel. Both 


samples air cooled after 5 hr. at 1650° F., etched with aqua regia in glycerine, and magnified 200 diameters 


ANALYSIS 40,700 psi. Proportional limit 20,500 psi. ANALYSIS 
Carbon 0.23% 117,000 psi. Yield point 44,700 psi. Carbon 0.24% 
Chromium 5.67% 212,000 psi. Tensile strength 70,100 psi. Chromium 5.11% 
Molybdenum 0.51% 2.5% Elongation in 2 in. 8.5% Molybdenum 0.44% 
Titanium none C-45 Rockwell hardness C-1 Titanium 0.81% 
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If a large excess of titanium is used in the 
18-8 stainless steels over that required for carbide 
control, an age hardening effect is found, which 
is not desirable, according to the Germans Ben- 
nek and Schafmeister, since the ductility and 
corrosion resistance are both impaired rather 
seriously in such precipitation hardened steels. 
The titanium content is therefore generally held 
to 5 to 7 times the carbon content in the 18-8 
composition, as was explained above, which is 
suflicient to prevent the formation of chromium 
-arbide in the steel, and to stabilize the alloy 
against intercrystalline deterioration. 

5% Chromium Steel — Another interesting 
application of titanium as an alloying element 


or normalized, while those without titanium are 
too hard for machining unless drawn and slowly 
cooled. This, of course, is important in welded 
structures where annealing and slow cooling are 
not often practical after welding. Incidentally, 
it has been found also that this titanium bearing 
chromium steel has appreciably better resistance 
to scaling at high temperatures than the steel 
free of titanium. A series of tests made on cast 
test pieces of chromium-molybdenum steel con- 
taining 0.67°° titanium gave the results shown 
in the table herewith. While the proper heat 
treatment was able to make pronounced changes 
in the physical properties, the microstructure 
remained nearly the same as shown at the right 


Physica/ Properties of Ferritic Chromium Stee/ Casting After Heat lreatment 
Analysis: 0.11%C, 5.44% Cr, 0.45%Mo, 0.67% Ti 


None, (as cast) 24,400 71,700 | 49,500 5.0% 4.3% \8-72\ 128 
A:Ghr.at 1650°F., sir 22,200 J35?,100 58, 700 14.5 12.8 8-7) 175 
5Shr.at 195OF., air cool 67,800 0,400 1.5 B-93 | 22. 
C: 5hAr. at 1950 F., water guench 56,800 87,000 \ 107,500 0. 0.4 B-10?\ 2417 
C. then 16 hr. at 1150°%F. and air cooled 59,800 72,400 | 853,600 17.0 23.4 B-92 | 187 
then l6 hr.at 1650. and sir cooled 25,000 357,100 | 59,800 53.5 49.9 B-69\| 124 


in steel was recently described by Becket, of the pair on page 38, except that the ferrite 


Critchett, and their associates in Union Carbide 
and Carbon Research Laboratories. This is based 
on the same property of titanium that was men- 
tioned above, namely, its strong aflinity for car- 
bon. Steels with more than about 4% chromium 
and carbon around 0.2‘ are decidedly air hard- 
ening, on account of the effect of chromium in 
slowing the rate of transformation, so that sorbite, 
or even martensite, is retained in the steel at 
normal rates of cooling in air. With no carbon 
in the steel, of course no martensite could be 
formed; hence titanium is added to form less 
soluble titanium carbide, leaving the ground- 
mass of the steel practically free of carbon. In 
such material the microstructure is always fer- 
rite, in which no air hardening can occur. The 
effect is shown in accompanying micrographs. 
One has a martensitic (or perhaps sorbitic) struc- 
ture and is hard and strong. The other has a 
ferritic structure with fine titanium cyanonitride 
crystals, and is relatively soft and not much 
stronger than mild steel. 

Castings of this kind of steel with the proper 
ratio of titanium to carbon, as tested in the lab- 
oratory of the Titanium Alloy Mfg. Co., have 
been found to be soft and machinable as cast 
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crystals were refined somewhat. 


Grain Size Control 


In connection with the control of grain size 
in alloy forging steels, the use of titanium as a 
scavenger has shown interesting possibilities. 
This is essentially the same application as has 
been widely practiced for many years in making 
clean steel that is also thoroughly deoxidized. 
Titanium does not act the same as aluminum 
in retarding the growth of the grains in steel, 
but when aluminum alone is used, the steel is 
very apt to show serious groups of alumina in- 
clusions as well as a non-uniform structure on 
deep etching. Ferro-carbon-titanium has been 
used with considerable success in certain steel 
plants to replace a part of the aluminum addition 
for fine grained steels, for the purpose of improv- 
ing the cleanness and uniformity of the product. 


Effect On Copper, Cast Iron and 
Aluminum 


The best description of the effect of titanium 
on copper was published by Hensel and Larsen 
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in Trasactions, A.1.M.E., Institute of Metals Divi- 
sion, in 1932. They found a very marked age 
hardening (after the proper quenching and re- 
heating treatment) of alloys containing from 
about O8 to 4.8% titanium, which greatly in- 
creased the stiffness and strength and also 
slightly decreased the ductility of forged bars. 

Research recently conducted on cast copper 
in the laboratory of the Titanium Alloy Mfg. Co, 
has shown an interesting combination of strength 
and electrical conductivity after age hardening 
with titanium. For instance, the conductivity 
of such castings after heat treatment was found 
to be around 40 to 50° of the pure copper stand- 
ard for wire. They also had the following tensile 
properties: Yield point 23,000 psi., tensile 
strength 45,000 psi., elongation 25° in 2 in., re- 
duction of area 35%. The titanium content 
should not be over 1% if good conductivity is 
desired, and the preferred heat treatment is 
quenching in water after two hours at 1650° F., 
followed by a 24-hr. draw at 850° F. The hard- 
ness is then about Rockwell E-95, or 110 Brinell. 
Research is by no means completed on this. 

Cast Iron The application of titanium to 
cast iron has an entirely different status, being 
well past the research stage, and growing com- 
mercially in a normal manner. The effects of 
titanium on gray iron have been quite fully de- 
scribed in Merat ProGress for August, 1933, and 
it should not be necessary here to do more than 
repeat briefly that they are essentially a refine- 
ment of the graphite flakes, and a graphitizing 
effect like that of silicon. Practical use of these 
effects is being made in many gray iron foundries 
today for the purpose of “closing the grain” or 
refining the structure of thick sections, with a 
resulting improvement in strength; and for avoid- 
ing hard spots or chill in thin sections, with a 
consequent improvement in machinability. An 
illustration is given on page 37. 

How it is possible for titanium to act as a 
graphitizer in cast iron in view of its strong affin- 
ity for carbon in steel, where it forms an espe- 
cially stable carbide? These two actions occur 
at different temperatures and therefore are not 
necessarily inconsistent. The carbide of titanium, 
forming at high temperatures, does not unite 
with iron or cementite, while the graphitizing 
effect on cast iron occurs at a lower temperature 
and may be due largely to the deoxidizing action 


of the titanium. Although the explanation for 


the graphitization may be somewhat obscure, it 
is nevertheless a well-established result of the use 
of titanium, has been reported by others, and 
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has appeared in all the author’s work with white 
iron as well as gray. 

Recent experience has shown interesting re- 
sults from furnace additions to electric melted 
gray iron, as described by R. G. McElwee at the 
September meeting of the American Society for 
Metals, Buffalo Chapter. The economy of this 
application is especially attractive on account of 
the low cost of the high carbon ferrotitanium 
which may be used in the electric furnace (and 
for the successful production of certain difficult 
castings this alloy has been found practically 
indispensable). For cupola melted iron a low 
carbon ferrotitanium, low also in aluminum, is 
preferable, as its melting point is lower. 

At a well-known foundry where such an 
alloy, known as “TAM Standard Low Carbon 
Ferrotitanium,” has been used in large quanti- 
ties, the following average results were reported 
as compared with previous results with the same 
grade of iron without titanium: (1) Transverse 
strength increased 15‘. at 0.1 in. deflection; (2) 
ultimate transverse strength increased 9°. ; (3) 
about the same deflection in transverse tests; 
(1) Brinell hardness 8 points greater with same 
machinability; (5) half as much variation in 
hardness, center to edge of test castings; and 
(6) at least 12% increase in tensile strength. 

These results were obtained at a saving of 
many hundred dollars in the cost of the alloys 
used in the iron during the month. 

Aluminum Alloys — One more metallurgical 
use of titanium should be included in this recital, 
and that is its incorporation in aluminum alloys 
for degasifying and refining the grain. This was 
described in 1930 by workers at the National Phys- 
ical Laboratory in England, but has only recently 
begun to receive general attention in this country. 

The effect of titanium on aluminum alloys 
is entirely different from its effects on other 
alloys that have been described above, for it 
does not deoxidize aluminum, nor cause any 
hardening in it after aging, nor hold any ande- 
sirable impurity in harmless combination. Its 
function is to form the compound TiAl, which 
precipitates from a cooling melt at a compara- 
tively high temperature in the form of fine, iso- 
lated needles. On further cooling, these crystals 
serve as nuclei to start the crystallization of the 
main body of the alloy, and since there are 
many such points in a given volume, many crys- 
tals are started where otherwise only a few would 
start, and none of them are then able to grow 
so large. Sections of small ingots of aluminum 
alloy adequately illustrate the point. 
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It requires only about to 


Effect of Titanium on 8% Copper-Aluminum Alloy 


0.20%, titanium in an alloy such as the 
common 92-aluminum, 8-copper cast- 
ing alloy to give a much finer grain 
size with the same pouring tempera- 


Property 3% | 135% |15%Webbite 


Addition, % by Weight 


wore Webbite TiCla +-0.77% 7 Clg 


ture and size of casting. The strength 9% Titanium added O 0.216| 0.344 0.303 
is naturally improved in the finer Titanium content of product| 0.012 | 0.182\ 0.039 0.14 


grained material; a gain of 10 to 25% 


av be attained. Partly as a res 
may be atinmed. as ot % Elongation in 2 in. 225 |28 | 26 3.0 
the finer grain, and partly due to a Grains per sg.mm. 2) 156 | 49 8.2 


Yield point, psi. 
Tensile strength , psi. 


12,560 | 14,130)\ 15,875 14,580 
19,200 21,630\22,160\| 25,150 


degasifying effect (which is less easily 
explained but equally real), resistance 
of titanium-treated aluminum castings to leakage 
is found to be much better than without the 
titanium. This result is, of course, of the greatest 
practical interest to many foundries. 

As an example of actual results obtained 
take the table above, quoted from the research 
records of the Titanium Alloy Mfg. Co. These 
data refer to a high grade 8% copper-aluminum 
alloy, cast at 1500 to 1340° F. in the form of tensile 
test bars, !s in. diameter and 2 in. length between 
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shoulders, and tested without machining. The 
vield point was taken as the stress producing 
an elongation of 0.5° > under load. Titanium 
additions were made to the melts in two forms, 
one as an alloy known as “TAM Webbite” con- 
taining about 7% titanium and balance alumi- 
num, and the other as the liquid titanium 
tetrachloride, containing about 25‘, titanium. 
Results in the table should be considered 
more as a progress report than as the final word 
on this subject, as it has not always been 
found that titanium tetrachloride is neces- 
sary for the best results. Generally the alloy 
addition, rather than the chloride, gives the 
finest grain size, and often the alloy addition 
alone is suflicient to raise the tensile strength 
from about 17,000 to over 22,000 psi. Ti- 
tanium additions to aluminum alloys will 
not, however, correct the weakening cffect 
of excessive over-heating, or pouring too hot, 
even though the grain size is refined; and too 
large an addition, or over 0.1%, titanium, has 
not been found necessary or advisable. 
The author wishes to record his indebt- 
edness to the following friends who have 
helped him in securing the data for this 
article: Otis Elevator Co. and T. H. Burke, 
metallurgist, of Buffalo, N. Y., for the manu- 
facture of the  chromium-molvbdenum- 
titanium steel castings; Worthington Pump 
and Machinery Corp. and Messrs. Reynolds 
and Starkweather, metallurgists, of Buffalo, 
for data on titanium alloy cast iron; Frontier 
Bronze Corp. and J. W. Boeck, metallurgist, 
of Niagara Falls, N. Y., for the manufacture 
of copper and aluminum alloy castings; 
R. E. Bannon for testing and micrographs. 


Etched Sections of Ingots of an Aluminum Alloy Con- 
laining 6° Copper and 1,2°¢ Silicon, Cast at the Same 
Temperature, to Show Effect of Titanium on Grain Size. 
The coarse grained ingot contained 0.015 titanium, the 
intermediate ingot 0.114°°, and the fine grained ingot 
0.147°° titanium. Sections were etched with HF 
and HCl in water, and magnified two diameters 
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and notes 


from abroad 


Coreless Induction Furnaces 


Operating on 60 Cycles 


CHWEINFURT, Germany — A new type of 

furnace, constructed by W. Rohn and W. 
Hessenbruch of the Heraeus Vacuum Melting Co. 
of Hanau, has aroused a great deal of interest 
among German metallurgists. 

Coreless induction furnaces (or high fre- 
quency furnaces as they are better known) are 
characterized by a cylindrical crucible of refrac- 
tory surrounded by a helical conductor. The 
passage of current induces a swirling motion in 
the molten metal which raises the center, so the 
surface of the melt is convex. This shape is re- 
sponsible for certain operating difficulties men- 
tioned below. The new coreless induction 
furnaces for alternating current (not using high 
normal frequency but taking current of the 
number of cycles carried by the transmission 
lines) have, on the other hand, a flat dish- 
shaped hearth on which the molten metal swirls 
in such a way that the center of the bath is about 
4 in. lower than the edge. 

A considerable improvement over the con- 
ventional high frequency induction furnace is 
obtained by the following (in the view of Messrs. 
Rohn and Hessenbruch) : 

1. Independent operation without the use 
of special high frequency generators and high 
frequency condensers. It would be desirable to 
operate directly from the line transformers with- 
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Conductor Coils, Made of Copper Bars, 
and Their Location in a Six-Pole Furnace 


out a rotary converter, and if possible without 
Scott connections. 

2. A larger bath surface with less depth of 
bath. A ladle-shaped hearth, similar to the elec- 
tric are furnace, would be desirable. 

3. Better durability of the lining, especielly 
a basic lining, and elimination of wear or wash- 
ing at the slag line. 

4. Substantially increased speed of reac- 
tion by heating the slag to a high temperature. 
This also permits the use of a minimum amount 
of slag. 

These four requirements were filled by the 
154-ton furnace tested by the Heraeus Co. which 
operated at 37 cycles. It is clear that the fre- 
quency met in large transmission systems would 
be 50 or 60 cycles, and that a steel furnace on pro- 
duction should hold 4 or 5 tons. Nevertheless, the 
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difticulties will be less in such a furnace than the 
small one actually operated. 

This furnace sets inside a ring-shaped yoke 
made of laminated transformer sheet. Attached 
to this yoke is the tilting apparatus; inside pro- 
ject three radial polar axes, hemispherical at 


their ends to correspond to the shape of the bath. : 
Around these polar axes are mounted three cop- hee), 
per-covered flat coils in the form of spherical Pe 
triangles (as shown at left in the half-tone of a a re, 


similar 6-pole furnace). 

Thin-walled copper tubes for cooling water 
are brazed on the edges of these conductors next 
the bath. The ends of the poles are likewise 
cooled by a criss-cross system of cooling tubes. 
The inside of the coil system (or the outside of 
the refractory lining) thus consists of a closely 
packed arrangement of cooling tubes, and the 
lining of the furnace rests on them. Should the 
fluid metal penetrate through cracks in the sin- 
tered lining, it will be rapidly chilled before dam- 


Photograph of Swirling Surface of Molten 
Steel. White rectangles denote position 
of the poles on the supporting yoke 


The view above shows how the bath swirls 


> als eS ‘Iv aro 
aging the conductors. about the poles. It also revolves slowly around 


The granular lining material (sintered mag- 
nesite with 144° ground glass) is packed be- 
tween the coils and a heavy cast steel templet, 
properly placed. Current is turned on for a 
short time; the templet gets hot enough to sinter 
the lining. Next, a wash charge is placed in the 
templet, the spherical roof placed and the fur- 
nace operated in the normal way. Ordinarily 
the furnace would be used for refining molten 
metal, as it is not well adapted to melting scrap 
unless large slabs are carefully placed in front 


2 perpendicular axis, and in this way the sur- 
face of the bath is depressed in the center. Sur- 
plus slag is therefore retained in a central pool 
rather than thrown to the edges, as in the ordi- 
nary high frequency furnace, and protects the 
lining. Strong vertical currents in opposite di- 
rections exist in three regions of the bath, and 
this entraps and emulsifies a considerable quan- 
tity of slag very effectively. The metallurgical 
effect of the slag-metal reaction is quite signif- 
icant, when one considers that 200 Ib. of slag can 
be so completely mixed with 2 tons of metal in 
the bath that the surface of the metal appears to 
be free of slag. It is possible to reduce carbon 
from 1° to 0.04% in less than 40 min. and sul- 
phur from 0.060 to 0.020. 


of the pole pieces. 

For metals more refractory than iron the 
lining may be made of electrically melted mag- 
; nesia, which has withstood temperatures up to 
3600° F. It also has 30°7 lower heat conductivity 

than sintered magnesite. 


Section 8-b Plan 


Diagrammatic Plan and Cross Section of Three-Pole Induction Furnace 
(Coreless) to Operate at Line Frequency and in Controlled Atmosphere 
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If refining is to be finished at a higher tem- 
perature, the phosphorus slag is drawn off. By 
the addition of lime and bauxite or fluorspar a 
new, sufliciently fluid slag is obtained and the 
cnergy input is reduced to 14 to 15 the maximum 
power of the furnace. The strong motion in the 
bath then stops, and the slag thus forms a cover 
and the metal is purged of oxide inclusions. The 
reaction of the new sulphur slag is still so strong 
that a melt with 0.040° S can be reduced to 
0.010¢¢ within 5 or 10 min. 

At the Heraeus plant the furnace was used 
for the manufacture of the purest iron, and for 
decarburization of 18-8 chromium-nickel steel to 
less than 0.020 C. It is announced that the 
Krupp Company at Essen and the Deutschen 
Edelstahlwerke at Krefeld are to install induction 
furnaces of this type, using alternating current of 
normal transmission line frequency. 

Hans DierGartren 


Grain Size ws. Surface Hardness; 


a Question of Mass 


Be PARSEY, N. J. In an article on “Grain 

Size in Steel,” published in Merat Progress 
in August, the author R. L. Wilson states that the 
coarse grained steels harden to a greater intensity 
of surface hardness than fine grained steels of 
like chemical composition. This is somewhat at 
variance with the experience gained by us at the 
Research Laboratory of the U. S. Steel Corpora- 
tion, during the course of many hundreds of 
hardenability investigations on a wide variety 
of carbon and low-alloy steels. We have en- 
countered some exceptions, of course, but the 
general rule certainly has seemed to be that the 
coarse grained, deep hardening condition in any 
given steel resulted in a lower intensity of sur- 
face hardness than the fine grained, shallow 
hardening condition. 

Examples of this behavior have been given 
in some of E. C. Bain’s recent publications, such 
as: Fig. 2 and 10 of the 1932 Campbell Me- 
morial Lecture (Transactions, Vol. 20); Fig. 4 in 
the discussion of M. A. Grossmann’s paper in 
Transactions for December, 1933; and Fig. 6 
and 8, in the paper entitled “Some Characteris- 
tics Common to Carbon and Alloy Steels” read 
before the American Iron and Steel Institute at 
New York in May, 1934. 

We have attributed this lower intensity of 
surface hardness in the deeper hardening steels 
to a larger proportion of retained austenite in 
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the surface layers of these steels, although for 
the present discussion, the interpretation is prob- 
ably of less importance than the correct observa- 
tion and establishment of the facts about the 
phenomenon. 

The above is but a specific criticism. Mr. 
Wilson is to be congratulated on his timely 
article. It constitutes an excellent review of the 
present status of our knowledge of an important 
phase of steel metallurgy and, in addition, con- 
tains several new items of information which 
have not been generally recognized up to this 
time. The article should be welcomed by all 
those concerned with the effects of grain size on 
properties a subject which has been agitating 
metallurgists for the past few years. 

E. S. DAVENPORT 


MR. WILSON REPLIES 


ANTON, Onto —- We can appreciate Mr. 
Davenport's interest in questioning whether 
coarse grained steels harden to greater intensity 
of surface hardness than fine grained steels of 
like chemical composition. Generalizations of 
this kind are usually fraught with the danger 
that they may be disproven in detail, depending 
upon the viewpoint taken. 

In our discussion of the concept of grain size 
in steel we have attempted to accommodate the 
scientific facts to the selection of steels as mate- 
rials of construction for engineering purposes. 
This may allow some license in expressing a 
preference for what may be called the rule and 
the exception. 

The results of Mr. Davenport's researches 
and the references mentioned lend support to 
his contention that the fine grained shallow- 
hardening steels really develop the greater sur- 
face hardness on quenching. On the contrary, 
it seems equally reasonable to say that the coarse 
grained steels will develop higher surface hard- 
ness than the fine grained steels unless the 
quenching has been so drastic as to favor the 
retention of austenite in the structure. 

For example, in Fig. 8 in Bain’s paper last 
mentioned, the hardenability of the same steel 
is shown for austenite grain sizes ranging No. 2 
to No. 5 on the A.S.T.M. standard chart, all the 
specimens being within the class of coarse 
grained steels by definition. Specimen E of finest 
grain size has the lowest surface hardness, and 
it appears that the hardness would increase grad- 
ually with coarser grain size, were it not for the 
counter effect of austenite retained due to the 
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change in critical cooling velocity induced by the 
coarser grain size. 

In most studies on the hardening charac- 
teristics of steels, pieces of small size have been 
quenched drastically to obtain the specimens 
used for making hardness surveys. The practice 
is convenient for comparing the “hardening 
power” of steels under ideal conditions, and in 
particular affords a means of drawing fine dis- 
tinctions in evaluating the hardenability of the 
shallow hardening steels. The relative harden- 
ability of steels as so determined by quenching 
small pieces, can be assumed to apply in the case 
of larger pieces as well, but from the practical 
standpoint we are concerned mainly with the 
change in the shape of the hardness distribution 
curve across the section when pieces of larger 
section and greater mass are quenched normally 
in oil or water. 

The principal factors governing the rate of 
quenching in pieces of large size operate against 
the retention of austenite in the surface layers of 
the steel. A large mass of steel, acting simply as 
a heat receptacle, reduces the effective quench- 
ing capacity of the coolant. Besides, the heavier 
scale on the surface of the steel, which is scarcely 
avoidable in the longer heating time before 
quenching, also retards the speed of quenching. 

Under these conditions (which are quite 
common in the application of steels) we have 
found that the coarse grained steels harden more 
deeply and to higher surface hardness than the 
fine grained steels. 


R. L. Witson 


Shape of Impact Test Piece 


URIN, Iraty One of my preceding letters, 
published in December of 1932, noted the 
introduction of the impact test into the Italian 
State Railways’ standard specifications for or- 
dinary untreated carbon steels. Notwithstanding 
extensive comparative researches carried out 
prior to its adoption, to determine the type of 
test bar best qualified to give reliable and com- 
parable results for untreated carbon steels, it 
cannot be said that the compromise adopted by 
my countrymen was satisfactory to all parties at 
issue. How many more uncertainties, therefore, 
still remain concerning the choice of a given type 
of notch for an international standard to measure 
toughness of a metal! 
For the purpose of our railway specifications 
the standard Mesnager bar (10x10x55 mm. and 
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notch 2 mm. deep with bottom rounded to 1 mm, 
radius) was adopted. On the other hand, the 
German metallurgical and testing societies be- 
lieve that, in a 10-mm, bar, the same notch deep- 
ened to 3 mm. is much more desirable. The 
French standard (barreau U.P.) again differs by 
using the same type of notch cut 5 mm. deep. 
The matter is further complicated by the occa- 
sional use of a square-bottomed saw cut, 1 mm. 
deep in a 10x8-mm. test piece (Fremont type) 
and the indiscriminate use, in England and 
America, of a keyhole notch in a Charpy impact 
machine or the V notch in round or square speci- 
mens in an Izod machine. 

Some new data are now available as a basis 
for the discussion of this problem, at least as 
regards the Mesnager notch and the German 
notch 1 mm. deeper. These data are based on 
more than 100,000 impact tests on a few well- 
defined typical carbon steels, and have been pub- 
lished by M. Steccanella of the Italian State 
Railways in Melallurgia Italiana. 

The carbon contents of the six principal 
steels tested varied between 0.21 and OO. 
They were rolled under the same general mill 
conditions, and comparisons were made between 
the impact resistances of these steels after re- 
heating in three different time-temperature 
eycles. The results may therefore be accepted 
as conclusive for medium carbon steels in sery- 
iceable condition. 

The first general conclusion derived by Mr. 
Steccanella from his experiments is that the test 
bars with notch 2 mm. deep give more uniform 
results for a given steel (especially when in the 
untreated or as-rolled condition) than the bar 
with the 3-mm. notch. 

In the second place, the tests made on bars 
with notch 2 mm. deep show greater differences, 
steel to steel, cither as rolled or normally re- 
heated. 

It would appear, then, that the test bar with 
2-mm. notch better satisfies the two essential con- 
ditions for reliable tests (a) uniform results 
for uniform materials and (b) different results 
for different materials. 

When these steels are reheated for excep- 
tionally long times at rather high temperatures, 
test pieces with the 3-mm. notch give a sharper 
differentiation of results, but these conditions do 
not correspond to the average conditions of the 
practical problem now under consideration, nor 
to the actual service of the steels. 

It is proper to point out that the advantages 
as stated above are not measured in large nu- 
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merical values, but if confirmed by other ex- 
periments they would be sufficient to reject 
the claimed superiority of the bar with a 3-mm. 
notch (at least for the carbon steels studied by 
Mr. Steccanella). 

No extensive comparative experiments have 
yet been published concerning the test bar with 
notch 5 mm. deep, proposed by the French dele- 
gation at the Diisseldorf meeting of the Interna- 
tional Committee for Steel Standardization, Such 
results will probably be submitted to the next 
Congress of the Association for 
Testing Materials. 

In any case the results of Steccanella’s ex- 
periments show clearly that the various technical 
details connected with the impact test should be 
submitted to very extensive researches before 
such a test can be acceptable as an international 


International 


standard. 
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Standard Carbon Too/ Steels (U.8.8.R./] 


Standardized Tool Steels 


ROSNY, U.S.S.R.— Standardization of tool 
steels used in the Soviet Union has been 
necessary to simplify their manufacture, reduce 
the cost, and at the time facilitate the 
choice of tool steels for special use by the pur- 


same 


chaser. 

Conditions now existing here, resulting from 
the development of our national economy ac- 
cording to plan, and the centralization of man- 
ufacture of tool steels at a few steel works 
belonging to the state, favor such a plan of 
standardization. Therefore the Soviet metallur- 
gists have more opportunity to simplify their 
practices than metallurgists abroad, where stand- 
ardization of tool steels is complicated by com- 
petition between individual firms. 

The difference between the properties of 
some tool steels to be used for the same purpose 
manufactured by various foreign firms and sold 
at the market under different names is often 
very slight, and in most cases has no signifi- 


Desi9-|  Cepbon | Man Silicon\ Sulphur cance as to the serviceability of the tool and its 
ganese phorus 
nation Max.) Max. |" vagy. cutting properties, but is often maintained for 
High Grade (Crucible or Electric) the sake of trade competition. . w 
10.60 to 0.74 0.25 to 0.35| 0.30 0.020 0.030 point out the difference in conditions in 
Y8A |\0.75 t00.85\0.25 to 0 35\ 0.30 \ 0.020 \ 0.030 respect to the number of tool steel grades avail- 
Y9A |\0.86 to 0.94\0.20 to 0.30| 0.30 | 0.020 | 0.030 able in the Soviet Union and abroad, it can be 
YI0A|0.95 to 1.09 | 0.15 to 0.25 | 0.30 | 0.020 | 0.0350 said that there are now about 200 grades of car- 
VIZA 1.10 to 1.25 \0.15 to 0.25 | 0.50 | 0.020 | 0.0350 bon tool steel on sale in the U.S.A. and about 
| 1.26 to 1.40\0.25 to 0.3510.30'0.020\0.050| al 
Ordinary Grade (Open-Hearth Permissible) in Ge 1e new Sovie wi 
VY? 10.60100.94\ 0.40 mex. \0.35\0.030\0.040 fication No. 4956, adopted in March 1933, gives 
Y8 |0.75t0085\| 0.40mex. \0.35\0.030'\ 0.040 only 12 grades of tool steel, six of which are 
YO |0.86to0.94| O35 mex. |\0.35 | 0.030 | 0.040 classed as “high grade carbon steels” and six 
Y1O |\0.95 to 1.09) 0.30max. | 0.35 | 0.050 | 0.040 as “ordinary carbon tool steels.” 
¥12 |7.10 to 1.25| 0.30 max. | 0.35 | 0.0350| 0.940 
|7.26 to 1.40| 0.40meax. |0.35 | 0.030} 0.040 
must be manufactured in crucible or electric 
furnaces only, while the 
, rdinary grade may be 
Standard High Speed Joo/ Stee/s (U.8.8.R.) 
manufactured in open- 
Designation hearth furnaces, if the 
OMposition raw materials used are 
PRS PFE lal PO pure. Chemical specifi- 
Carbon 0.65 to 0.77|0.71 to 0.77| 0.68 to 0.80| 0.66 to 0.68|\0.60t00.75| cations are given in the 
Tungsten 17.0t018.5 | 71.8 | 17.0t0 18.5 15.0 to 12.5 accompanying table. 
1.0 to 7.4 25 to28 1.0 to 1.4 O5t008 to 0.6 There are about 100 
45 t0 5.5 grades of high speed 
Molybdenum 0.3 to 0.6 0.5 0.3 
Chromium 56 to49.5 | 4.7to46 | 58to46 | 58t04.6 | 5504.3 steels and 300 grades for 
Mangenese,mer.| 0.40 0.40 | 0.40 | 0.40 0.40 alloy tool steels on sale 
Silicon, ax. 0.40 0.40 0.40 0.40 0.40 in the United States and 
Sulphur, mex. 0.030 0.020 0.030 0.030 0.030 tively in Germany 
Phosphorus,mex| 0.030 0.030 | 0.030 0.030 | 0.030 ae 
whereas the new Soviet 
Note: Preferred grade According to order standard specification 
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No. 1957, also adopted last March, permits only 
five grades for high speed, and specification 
No. 4958 gives 21 grades for alloy tool steels. 
Analvses of the high speed steels are listed in 
the table. 

It will be noted that the preferred analysis 
is low in tungsten and high in vanadium. 

The chief principles taken into considera- 
tion when setting up these standards by the 
Committee on Standardization are: 

1. Adoption of as few grades of tool steel 
as possible, but of such nature as would fully 
satisfy the purchaser’s needs. 

2. The available supply of raw material 
for alloying elements. We possess large supplies 
for the production of ferromanganese, ferrosili- 
con, ferrochrome, and ferrovanadium. On the 
other hand, we are short on ores to produce fer- 
rotungsten and ferromolybdenum. For this 
reason PF2 has been adopted as a_ preferred 
grade, even though this analysis formerly was 


not used. B. M. Sustov 


Founding Properties of Alloys 


ARIS, France — Foundry science consists, 

first of all, in obtaining sound pieces having 
the desired dimensions and shape. Only when 
this is done can one improve the mechanical 
properties. It is, in fact, quite uninteresting to 
search for an alloy having a high value of some 
specific mechanical property, when the foundry- 
man cannot obtain sound and well-made pieces 
of the indicated composition. 

This essential condition depends upon a cer- 
tain number of phenomena and complex proper- 
ties that have been called foundry characteristics, 
or founding properties, such as castability, pro- 
pensity to pipe, total contraction, liability to 
cracks and blisters. These phenomena and prop- 
erties depend on a great number of elementary 
factors (which have been enumerated by the 
present writer at a recent meeting of l’Associa- 
tion Technique de Fonderie) and this is the rea- 
son why it is almost impossible to analyze 
separately these foundry characteristics. They 
must be studied and evaluated by direct ex- 
perience. 

Unfortunately for the foundry industry, they 
have not yet been much studied. Researches 
have generally been directed toward the specific 


properties of alloys — mechanical, physical, or 
chemical — and this explains the rather back- 


ward state of the art and science. 
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Yet the problems are by no means impossible 
to solve. As the mechanical properties are meas- 
ured and controlled by means of certain test 
pieces, so the foundry characteristics or foundry 
properties may be measured and controlled by 
means of “foundry test pieces.” 

Thus, it will be possible to get a good idea 
of the castability of metal with a spiral, flat, or 
horizontal test piece, fed at one end and the 
length of which will be noted. Propensity to 
pipe and blisters may be estimated from small 
ingots whose surface can be studied, the appar- 
ent density measured, and various cross-sections 
examined either as cut or after various etchings. 
Aptitude to cracks and to internal stresses shows 
up on pieces shaped like a rectangular frame 
with small sides or arms fixed to a thicker, less 
vielding part. Cracks may be observed at the 
re-entrant angles. Internal stresses may be fig- 
ured from the change in size and shape as por- 
tions of the outer frame are progressively re- 
moved by machining. 

All the work connected with molding and 
feeding these test pieces must be done so as to 
promote the following conditions: 

(1) Sufficient sensitivity. This is done by 
magnifying the defects that must be exposed to 
view, so that the alloys may be differentiated one 
from another, and the influence of various 
foundry conditions clearly indicated. 

(2) Indispensable accuracy and uniformity 
— that is, the reproduction of the same result 
when the work is repeated practically under the 
same foundry conditions. 

A little thought shows that the first condition 
mentioned above requires the test pieces to be 
produced in a way that is exactly contrary to 
normal good foundry practice (which naturally 
seeks to avoid or to minimize the foundry de- 
fects). Thus it is that the test piece for casta- 
bility is one that does not fill the mold — that is, 
the investigator voluntarily obtains a badly made 
piece of metal. 

Pipe will also be exaggerated by the suppres- 
sion of any feeding risers or sink heads and by 
the use of a metallic mold to conduct the heat 
rapidly away from the surface. 

For showing cracks a rigid shape must be 
chosen, with sharp re-entrant angles and unequal 
in thickness, a form every designer likes to avoid. 

When casting test pieces to show blisters, 
the metal must emit gases during solidification; 
more particularly, the solidification must be car- 
ried out under a reduced pressure in a partial 
vacuum. 
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Such a research which goes to great pains 
to obtain defects is very useful, contrary to what 
might be thought. In fact, when one is able to 
cause, voluntarily, a defect of a determined size 
or kind, one is also able to avoid it, merely by 
working in the opposite direction. 

The introduction and the use of such ac- 
curate and reproducible foundry test pieces will 
transform that technique and will bring to the 
foundry the same improvement that the use of 
test pieces for mechanical tests and chemical con- 
trol brought to metallurgy. 

ALBERT PORTEVIN 


Refining Jewelers Sweepings 
with Arsenic 


SCOTLAND What with the grow- 

ing use of platinum alloys in industry, rare 
metal scrap and goldsmith’s sweepings are much 
more complex materials than a generation ago, 
since they contain recoverable amounts of rare 
metals of the platinum group. It is in their 
recovery that arsenic plays an important part. 
Progress in the art of recovering and separating 
such precious metals is slow, not because they are 
complex to handle, but because of the secrecy 
which is observed, which prevents antiquated 
methods being revealed, and improved modern 
systems introduced. 

Practically nothing has been published on 
this subject, and in view of the article in Meran 
PROGRESS some time since on “The March of Plat- 
inum in Industry” by E. M. Wise, readers may 
be interested in some fragmentary data culled 
from my own experience. 

Although the process was originally worked 
out by D’Hennin some 50 years ago, it was not 
patented, and use was made of the system pri- 
vately by platinum refiners. The principle in- 
volved is that irrespective of the quality or 
composition of the precious metal wastes, a 
proper amount of arsenic can be depended upon 
to prevent the heavy metals sinking into the 
hearths when the materials are being melted with 
lead. Prior to its introduction, and apparently 
with some of the older-fashioned smelting firms 
today, the gold and platinum are refined without 
this important addition, whereby more or less 
of the heaviest metals, namely, iridium and 
osmium, are absorbed in the brickwork of the 
furnace bottoms, there to remain until the owner 
is moved to dismantle the brickwork and smelt 
it to recover its values. 
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In practically all instances the rare metal 
sweepings or fines are melted with a_ large 
excess of lead. Arsenic then causes the iridium, 
ruthenium, rhodium, and osmium to float to the 
surface in a scum that can be removed, whilst 
the bulk of the molten lead, containing most of 
the platinum and palladium, is transferred to the 
“test,” a flat pan lined with bone ash where the 
lead is oxidized and either volatilizes or is ab- 
sorbed into the bottom during cupellation. A 
comparatively complete separation is effected. 

There are several methods of introducing 
the arsenic, although progress toward the best 
and most economical is severely handicapped 
by secrecy. All lead used in the process would 
ordinarily be of the arsenical variety containing 
a few per cent of arsenic, but the skimmings often 
have the precious constituents imperfectly al- 
loyed, whereupon it is necessary to introduce 
additional arsenic. To do this, almost any class 
of arsenical waste will suflice. 

Sludges from nickel works may be procured, 
which consist of iron arsenate. Calcium arsenate 
is also procured as a waste material, whilst crude 
sodium arsenate from dyers’ waste was the origi- 
nal material employed. These arsenates are 
fluxed with siliceous additions, and if necessary 
a slight amount of sulphur is also added to assist 
the separation. Fine coal is mixed with the mass 
prior to charging, to insure that all arsenic is 
converted to the metallic condition, suitable for 
alloying. 

It is commonly asserted in most text-books 
that arsenic sulphide on heating sublimes un- 
changed. The writer found that this is scarcely 
accurate, and that if suitably applied could be 
used to form a matte and a white metal which 
gave a good separation of the platinum metals. 
In these experiments the arsenic sulphide em- 
ployed was that waste material procured from 
the earlier sulphuric acid process in which 
arsenic was separated by means of H.S. 

The products from the first smelting are lead, 
white metal, matte, and slag. The white metal 
is concentrated by sulphurizing repeatedly until 
a rich speiss is formed; the former may contain 
anything up to 90 oz. of iridium per ton, togther 
with from 4 to 8 oz. of rhodium and ruthenium, 
but the concentrated speiss contains about ten 
times these quantities. 

What surplus arsenic is present passes to the 
fume-condensers, from which arsenical lead is 
recovered and reused in the process. Hence the 
operations are carried out with great simplicity 
and economy. C. C. Downie 
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PRE-PUBLICATION OFFER 


To Members of American Society for Metals Only 


Second Edition 


THE BOOK STAINLESS STEELS 


Ernest E. Thum, Editor 


Success of this book has already been amazing 
—a metallurgical best seller! Before reprinting, 
each of the 75 experts who collaborated in 
writing the first edition has had an opportu- 
nity to revise his material; the result is that 22 
chapters have been thoroughly revised or en- 
tirely rewritten and 7O pages added to the 
book. It is a veritable 7O0-page encyclopae- 
dia, right up to the minute; ready for delivery 
during February. 


W. H. Eisenman, Secretary 


7016 Euclid Avenue, 
Cleveland, Ohio 


Send me a copy of the 700-page Second Edition, The Book 
of Stainless Steels, as soon as published. Enclosed is check or 


purchase order for $4.00 (regular price $5.00) 


Address 
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HE APEX ELECTRICAL MFG. CO., Cleveland, O., 

are exceptionally particular regarding the quality of parts 
in their washing machines, ironers, vacuum cleaners, refrig- 
erators, etc.,—so they have adopted HEVI-DUTY Fur- 
naces for heat treating these high quality parts... . . Their 
Hevi-Duty Vertical Retort Carburizer, Type HD-1430 (14” 
dia. by 30” deep), shown below, carburized 350,000 
pounds of parts during the first ten months of 1934. 


VERTICAL 
RETORT 
CARBURIZER 


A POT 
AND A BOX 
FURNACE 


HEVI-DUTY Furnaces are precision machines 
operating with economy heretofore unattained. 
. . « Bulletin 931, describing the Vertical 
Retort Carburizer, will be sent on request. 


TRADE MARK 


REG. U.S. PAT. OFF 


HEAT TREATING FURNACES 


ELECTRIC EXCLUSIVELY 


HEVI DUTY ELECTRIC CO. 


MILWAUKEE, WIS. 
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ARTICLES WORTH READING 


SpeciAL Note:—For a good story about heat treat- 
ers, read “Hardening Strains,” by Eric Fleet in Satur- 
day Evening Post, Dec. 22. 


Steel Manufacture 


A Chemical Engineer Views the Steel Industry, 
C. F. Ramseyer, A. Il. M. E. Tech. Pub. No. 582, Metals 
Technology, Oct. (See also Iron Age, Nov. 22, p. 26) 

Physical Chemistry of Steel Making, P. Herasy- 
menko, Paper for American Foundrymen’s Association, 
October Meeting . . . Vacuum Melting of Steel, Metal- 
lurgist, June 29, p. 140. 

Finishing the Heat of Steel, J. H. Hruska, Blast 
Furnace & Steel Plant, Oct., p. 579 . .. . Estimation 
of Open-Hearth Slag Analysis, I. N. Goff, Blast Furnace 
and Steel Plant, Dec., p. 693 . . . . Grain as Revealed 
by Ingot Fractures, J. H. Hruska, Blast Furnace and 
Steel Plant, Dec., p. 705 . . . . Changing Methods in 
Modern Metallurgical Practice, C. Blazey, Canadian 
Chemistry & Metallurgy, Sept., p. 206. 

Billet Chipping Machine, Steel, Dec. 3, p. 24. 

Heavy Steel Forgings, P. E. McKinney, Journal, 


€ 


American Society of Naval Engineers, Aug., p. 357 


Manufacture of Wrought Steel Car Wheels, M. M. 
McCall, Iron Age, Dec. 13, p. 12 . . . . New-Type Dif- 


fusion Burners on Gas-Fired Forging Furnaces, J. B. 
Nealey, Steel, Oct. 15, p. 29. 

Automatic Mill for 1800 Sheet Pairs per Shift, 
Steel, Dec. 17, p. 24 . . . Better Tin Plate and Sounder 
Alloys, Canadian Chemistry & Metallurgy, Oct., p. 228 

Blisters in Tinplate, T. C. Grey-Davies, Blast 
Furnace & Steel Plant, Dec., p. 702. 

Bessemer and Open-Hearth Steel Wire, F. H. Null- 
meyer, Wire and Wire Products, Dec., p. 439 
Improvements in Drawing of Wire, U. M. Wallace, 
Heat Treating and Forging, Nov., p. 555 . .. . Com- 
bined Wire Drawing Bench and Bolt Heading Machine, 
F. L. Prentiss, Iron Age, Noy. 29, p. 18. 


Foundry Practice 


Development of the Submerged Resistor Induction 
Furnace, G. H. Clamer, Metals & Alloys, Nov., p. 242 
. . . « Electric Furnace Cast Iron Practice, H. H. Wal- 
ther, Transactions American Foundrymen’s Associa- 
tion, August, p. 32. . . . Controlled Directional Solid- 
ification, George Batty, Paper for American Foundry- 
men’s Association, October Meeting . .. . Foundry 
Review, Iron Age, Nov. 1, p. 27. 

Steel Castings, W. H. Hatfield, Exchange Paper for 
American Foundrymen’s Asso., Oct. 24. 

The Modulus of Cast Iron, J. M. Lessells, Product 
Engineering, Dec., p. 453 . . . . Properties of Gray 
Cast Iron as Affected by Casting Conditions, C. M. 
Saeger, Jr., Bureau of Standards Journal of Research, 
Oct., p. 573 . .. . Engineering Properties of Cast Iron, 
E. A. Piper, Iron Age, Oct. 18, p. 23... . Improved 
Qualities for Cast Irons, Chemical Age, Nov. 3, p. 29 
3 Breaking Strength and Physical Properties of 
Gray Iron, J. Novarro-Alacer, American Foundrymen’s 
Association, October meeting. 

Treatment of Cupola Iron With Sodium Carbonate, 
Metallurgia, Nov., p.9 .. . . Work of the British Cast 
Iron Research Asso., Engineer, Nov. 9, p. 469 
Alloys in the Ferrous Foundry, Gottfrid Olson, Iron 
Age, Oct. 25, p. 29 . . . . Short Cycle Anneal for Mal- 
leable, Gottfrid Olson, Foundry, Oct., p. 49. 

High Test Iron in Heat Treated or Alloy Form, 
Steel, Nov. 12, p. 42 . . . . Brake Drum Castings (Heat 
Treated) Engineering, Nov. 2, p. 478 . .. . Cast Iron 
Plates in Test Highway, E. W. Davis, Steel, Nov. 26, 
p. 30. 

Study of Melting Conditions for Aluminum Sand 
Castings, A. I. Krynitsky, Bureau of Standards Re- 
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search Paper RP727 . . . . Casting a Heroic Monu- 
ment of Aluminum, T. D. Stay, Foundry, Dec., p. 12 
. . . . Aluminum-Copper Hardeners, E. R. Thews, 
Metallurgist, Aug. 31, p. 146e.s . . Centrifugal Cast- 
ing of Large Bronze Cylinders, E. F. Cone, Foundry, 
Dec., p.18 . . . . Deoxidation of Red Brass, Metallur- 
gist, June 29, p. 143... . Die Cast Parts for Chevrolet, 
J. M. Bonbright, American Machinist, Dec. 5, p. 836. 


Heat Treatment 


Grain Size, A Symposium, Transactions, American 
Society for Metals, Dec. 

Heat Treating Department at Dodge Plant, J. B. 
Nealey, Machinery, Dec., p. 201. 

High Temperature Insulation, N. Allen Humphrey, 
Blast Furnace & Steel Plant, Dec., p. 703; Heat Treating 
and Forging, Nov., p. 559 . . . . Classification of In- 
sulating Refractories, E. J. Bognar, Heat Treating & 
Forging, Oct., p. 497 . . . Heat Transmission Through 
Furnace Walls, R. H. Heilman, Chemical and Metal- 
lurgical Engineering, Dec., p. 637 . . . . Time Re- 
quired for Heating Steel, J. D. Keller, Heat Treating & 
Forging, Oct., p. 487. 

Heating Tool Steel, M. L. Clark, Heat Treating & 
Forging, Oct., p. 495. 

Hardening With Oxy-Acetylene Flame (Shorter 
Process), Engineering, Sept. 28, p. 337 . . . . Tem- 
pering and Aging of 0.8% Carbon Steel, G. A. Ellinger, 
Bureau of Standards Journal of Research, August, p. 
259 . . . . Toughening Treatment for Steel Castings, 
J. D. Knox, Steel, Dec. 3, p. 42. 

Selection of Carburizing Boxes, Machinery, Dec.., 
p. 226. 

Quenching in High Pressure Air Blasts, O. A. 
Saunders, Paper for British Association, Sept.6 .... 
Non-Adherent Scale on Iron, R. Griffiths, Paper for 
British Iron and Steel Institute, Sept. 10. 

Periodic Hardness Fluctuations, E. G. Herbert, 
Engineering, Dec. 7, p. 631 . Age Hardening of 
Steels, R. Harrison, Metallurgist, June 29, p. 134 
Aging of Iron-Copper Alloys, John T. Norton, Metals 
Technology, Dec. 

Vanadium in Carbon Steels, H. H. Abram, Paper 
for British Iron and Steel Institute, Nov. 2, p. 482 ; 

Hardening Power of Vanadium Steels, E. Houdre- 
mont, Metals Technology, Dec. 


Non-Ferrous Metals 


Bessemerizing Copper Matte With Oxygen En- 
riched Air, S. Tonakanov, Engineering and Mining 
Journal, Dec., p. 539 . . Copper Tubes Made Elec- 
trolytically, Metal Industry, Dec., p. 419 . . . . Mill 
Variations in Gage of Sheet Brass, C. K. Skinner, Metal 
Industry, Dec., p. 410 Hardness of Cold Rolled 
Copper, J. G. Thompson, Bureau of Standards Journal 
of Research, Nov., p. 745. 

Aluminum in Chemical Industry, F. C. Frary, In- 
dustrial and Engineering Chemistry, Dec., p. 1231 

Aluminum Masts for Racing Yachts, Iron Age, Dec. 
13, p. 20. . . . Equilibrium Relations in Binary Alu- 
minum Alloys, W. L. Fink, A. I. M. E. Tech. Pub. No. 
580, Metals Technology, Oct. Iron-Aluminum 
Alloys, C. Sykes, Paper for British Iron and Steel In- 
stitute, Sept. 11. 

Monel Metal and Nickel, Chemical Age, Oct. 6, 
p. 307 . . . . Progress in Non-Ferrous Metallurgy, 
(Report of British Institute of Metals Meeting) Chem- 
ical Age, Oct. 6, p. 21. 

Copper-Lead Bearings and Their Lubrication, C. 
M. Larson, S. A. E. Journal, Dec., p. 444 . . . . Bond- 
ing Strength of Babbitt to Steel and Bronze, E. G. 
Soash, Metals and Alloys, Dec., p. 268. 


(Continued on page 52) 
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Repeat ORDERS 
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SATISFIED CUSTOMERS 
PROVE THE VALUE OF 


THERMALLOY 


X-RAY INSPECTION 


Repeat Order of Pots After 1009 Radiographic Inspection 


THE 


ELECTRO ALLOYS 
COMPANY 


ELYRIA, OHIO 
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A maker of high speed taps says: 


“Our Certain Curtain Furnaces 


PAY FOR THEMSELVES 


bi by eliminating spoilage and 
increasing production. 


4 “Our hardening losses have been reduced to nil since 

installing your furnaces,” states a manufacturer of high 

speed taps. As you know, once’a tap is hardened 

wrong, it cannot be rehardened.” 


Shrinkage Controlled 


Re “With our former furnaces we lost about 5% through 
uncontrolled shrinkage. With yours, our dimensional 
change is only half what it was, and is so regular we 


have no losses.” 


Greater Uniformity of Hardness 
“Lack of uniformity in hardness formerly forced us to 
scrap another 5%. We used to get 4'2 points Rock- 
well variation, but now keep consistently within 1 to 
1'2 points, eliminating this loss.” 
Surface Condition Improved 


“We formerly lost about 1% through surface pitting. 
% 
This trouble is eliminated by your furnaces.” 


Increased Production 
A “Our production is 50% greater per furnace.” 
ce, Certain Curtain Furnaces frequently repay their cost 
ra IN LESS THAN A YEAR! Study them in relation 
to your hardening problems. We have prepared an en- 
tirely new pamphlet showing in detail the actual sav- 
ings made by a number of users. 
oe WRITE NOW FOR 


**How Our Furnaces Pay for Themselves” 


Cc. I. HAYES, Inc. 


129 BAKER STREET, PROVIDENCE, R. 1}. 


FE. F. BURKE L. W. HAYDEN F. J. CONDI 
2281 Scranton Road 26 So. Fifteenth St 148 Crestwood Ave 
Cleveland, Ohio Philadelphia, Pa Buffalo, N. \ 
R. G. HESS L. C. LOSHBOUGH C. A. HOOKER 
176 Fulton St 626 W. Washington Blvd 202 Forest Ave 
New York, N. ¥ Chicago, Il Roval Oak, Mich 


E. FIGNER 
6388 Penn Avenue, Pittsburgh, Pa 


ARTICLES WORTH READING 


Silver Linings for Chemical Equipment, B.A, 
Rogers, Chemical and Metallurgical Engineering, Dec.., 
p. 631... . Properties of Commercial Platinum Al- 
loys, E. M. Wise, Metals Technology, Dec. . . . . De- 
velopments in Rare Metals, Chemical & Metallurgical 
Engineering, Nov., p. 587 . . . . Studies on Gallium, 
J. 1. Hoffman, Bureau of Standards Journal of Re- 
search, Nov., p. 665, 673 . . . . Caleium Its metal- 
lurgy and Technology, C. L. Mantell, Chemical Indus- 
tries, Nov. p. 403... . Uses of Silicon, J. W. Donald 
son, Metallurgia, Novy., p. 20 . . . . Applications of 
Thallium, Engineering, Nov. 9, p. 512... . . Vanadium, 
B. D. Saklatwalla, Paper for Electrochemical Society, 
Sept. 29. 


Finishes 


Protective Value of Nickel and Chromium Plating 
on Steel, Wm. Blum, Bureau of Standards Research 


Paper RP 712... . . Aecelerated Tests of Nickel and 
Chromium Plate, P. W. C. ao ee Bureau of Stand- 
ards Journal of Research, Oct., 519. . Chromium 


Plating Equipment in Pac wand Plant. ‘American Ma- 
chinist, Dec. 5, p. 840... . Electrodeposition of Nickel, 
Chemical Age, p. 27... . Bright Nickel Plates, L. Eckel. 
mann, Metal Industry, Deec., p. 416 .... of 
Electrodeposits, L. B. Hunt, Metal Industry, Dee., p. 413 

. . Applying Finish to Chevrolet Bumpers, Ys M. 
Bonbright, Machinery, Nov., p. 158. 

Anodic Oxidation, S. Wernick, Metallurgist, June 
29, p. 138, G. O. Taylor, Metallurgia, Nov., p. 15 
Tin Plating of Pistons, Automotive Industries, Oct. 13, 
p. 454. . . . Production of Objects of Etehed Metal, 
B. W. Gelb, Industrial Gas, Dee., p. 15. 

Electrolytic Cleaning (de-scaling) of Auto Parts, 


Iron Age, Dec. 20, p. 28. . . . A New Process for the 
Cleaning of Metals, U. C. Tainton, Wire & Wire Prod- 
ucts, Nov., p. 399. . . . Metal Desealing Process, C. G. 
Fink, Iron Age, Oct. 25, p. 24... . . Bufling Wheels, 


kh. T. Kent, Iron Age, Dee. 13, p. 16. 

Toxic Effect of Antimony in Enamels, Engineer- 
ing, Oct. 19, p. 28 

Manufacture of Sanitary Ware, J. B. Nealey, In- 
dustrial Gas, Dec., p. 19; see also Engineer, Dee. 7, 
p. 577. 


Welding 


Oxy-Acetylene Cutting in Steel Mills, Steel, Nov. 19, 
p.55... . Oxy-Acetylene Welding of Aircraft Tubing, 
G. Calbiani, Metallurgist, Oct. 26, p. 167. 

Improved Spot Welds, A. M. MacFarland, Welding 
Engineer, Nov., p. 15 . . . . Spot Welding Character- 
istics of 250 Combinations of Metals, Lawrence Fur- 
guson, Iron Age, Dec. 12, p. 38. . . . Size and Spacing 
of Spot Welds, R. L. Briggs, Journal American Welding 
Society, Nov., p. 25... . . Power Problems in Projec- 
tion Welding, P. W. Fassler, Journal American Welding 
Society, Nov., p. 14. 

The Arcronograph, Bela Ronay, Journal, American 


Society of Naval Engineers, Aug. . . . . Two New Elec- 
trodes, J. H. Paterson, Welder, Oct., p. 335. 

Flash Welding of Auto Bodies, P. W. Fassler, Iron 
Age, Nov. 15, p. 12. . . . Seam Welding Controlled by 
Electronic Discharge, Mechanical Engineering, Oct., 
p. 629... . . High Speed Resistance Welds Controlled 
by Thyatron Tubes, W. C. Hutchins, Journal, American 
Welding Society, Nov., p. 19 . . . Seam Welding of 


Gas Tanks, Ray Applegate, Journal, American Welding 
Society, Nov., p. 16. 

Physical Properties of Hard Facing Materials, 
Machinery, Dec., p. 208-A . . . . Hard Facing, EF. H. 
Le Van, Journal, American Welding Society, Nov., p. 10. 

Historical Developments and Future Possibilities 


(Continued on page 5%) 
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QUESTIONS... 
and 


[WHAT MAKES GREATER POTENTIOMETER ACCURACY POSSIBLE] 


A. The following three combined — 
1. A slide wire capable of an accuracy of 15 of 1%. 
2. A Galvanometer sensitive enough to make use of this accuracy. 
3. A drive mechanism that accurately responds to galvanometer deflections. 


[WHY IS THE BROWN 40" SLIDE WIRE MORE ACCURATE] ? 


A. The Brown slide wire (several times longer than found in other types of Recording Potentiometer Pyrometers ) 
has more convolutions and has larger diameter wire. Because of the size of the wire and the increased number 
of convolutions, each convolution is selected accurately. The larger diameter wire eliminates errors caused by 
wear. . . . The slide wire is totally enclosed in glass, immersed in oil, protected against corrosion. 


[HOW IS SENSITIVITY OBTAINED IN THE BROWN GALVANOMETER| ? 


A, Sensitivity is obtained by the use of an extra long pointer which gives greater linear pointer deflections for min- 
ute temperature changes... . . . This construction eliminates necessity for fimsy, easily broken suspensions. 
(The galvanometer is enclosed in « separate housing, protected against air currents, dirt and dust thet would 
otherwise affect accuracy. ) 


[HOW DOES THE MECHANISM RESPOND TO THE GALVANOMETER| ” 


A. Minute galvanometer pointer deflections are converted into powerful movements of « rugged secondary pointer 
which controls the positive (pawl type) drive mechanism. This eliminates clutch slippege in recording temper- 
ature changes. . . . The pen can move rapidly in large steps, or take its smallest step of 1 1200th of the chert 
span with absolute definiteness. 


LET‘S LOOK AHEAD 


You may think your process does not need such extreme accuracy today, but competi- 
tion in industry is constantly demanding more precise manufacturing methods. Recog- 
nizing this trend, progressive industrialists in increasing numbers are turning to Brown 
Potentiometer Pyrometers. 


Brown Potentiometer Pyrometers have the accuracy, combined with ruggedness, that 
will be demanded in the future. Why not obtein this advantage today? . . . Write for 
Catalog No. 1101. a7 


THE BROWN INSTRUMENT COMPANY R. 
4503 Wayne Avenue Philadelphia 


Branches in 22 Principal Cites 


JANUARY, 1935 a 


‘ 
J ie, oy 
he 
de. 
cae 
rae 
ice 
‘ 
| 
| 
; , 
— 
Bi ngs / A C / ae 
Brings l ahoratory ccuracy fo ndustry 
ex 
We 


54 


IF YOU HAVE 
TOOL WORK TO DO 


B-20 PRE-HEATING FURNACE 
(With Atmospheric Control) 
12” x 24” x 10” 


here is the furnace to use... 


The “AMERICAN” Electric 


Pre-heating Furnace 


The latest production-type unit with auto- 
matic atmospheric control, automatic tem- 
perature control, and foot treadle door mech- 
anism. 

@ Comes up to heat fast. 

@ Holds uniform temperature. 


@ Does not scale, burn, nor decarburize 
your work. 


May we forward data ? 


U. S. PATENTS; 
1,357,790 1,652,200 
1,399,638 1,619,514 

OTHER PATENTS PENDING 


American Electric Furnace Co. 
30 Von Hillern Street Boston, Massachusetts 


Manufacturers of Gas and Electric 
Industrial Furnaces 


ARTICLES WORTH READING 


of Welding, D. S. Jacobus, American Welding Society 
Journal, Oct., p. 10 . . . Internal Stresses in Weld- 
ings and their Relief, W. T. Davidson, Steel, Dec. 10, 
p. 36. . Methods of Testing Welded Seams, Hans 
Schmuckler, Welder, Sept., p. 316 . Impact Re- 
sistance of Some Steels and Welds at Sub-Zero Tem- 
peratures, R. K. Hopkins, American Welding Society 
Journal, Oct., p. 16. 

Welded Building for Steel Mill Engineering, Oct. 
19, p. 406 . . Welding of Reinforced Chairs, F. A. 
Westbrook, Iron Age, Dec. 6, p. 21 : Status of 
Welding in Marine Construction, Paul Orr, Welding 
Engineer, Oct., p. 22... . Constructing a Welded 
Pipeline in the Persian Gulf, Welding Engineer, Oct., 
p. 17. 


Failures 


Fatigue of Shafts at Press Fits, R. E. Peterson, 
Machine Design, Dec., p. 25. . . Typical Failures of 
Locomotive Tires, L. E. Grant, Metals and Alloys, Dec., 
p. 277... . Correlation of Path of Fatigue Failure in 
Large Frame With Photo Elastic Models, A. E. Gibson, 
Steel, Dec. 17, p. 38. 

Corrosion Problems, John Johnston, Industrial and 
Engineering Chemistry, Dec., p. 1238 . . Influence 
of Texture of Metals on Chemical Resistance, C. H. 
Desch, Industrial Chemist, Nov., p. 413 . . . Corro- 
sion of Various Metals by Refrigerating Brines, Metal- 
lurgist, June 29, p. 131 . . Contact Corrosion of 
Stainless Steel, P. Mabb, Mechanical Engineering, Dec., 
p. 753. 

Wear on Valve Seats, C. G. Williams, Journal, 
British Institution of Automobile Engineers, Dec., p. 
106. . . . Embrittlement of Low-Carbon Steel, F. C. 
Lea, Paper for British Institution of Mechanical En- 
gineers. 


Tools 


Nitrided Drills for Plastics, C. E. Greenawalt, 
Mechanical Engineering, Nov., p. 686 . . . . Tool Steels 
Their Composition and Use, F. D. Stranner, Heat 
Treating & Forging, Oct., p.482 . . . . Special Handling 
of Precision Tools, C. A. Ziebarth, Iron Age, Oct. 4, 
p. 14. . Magnesium for Light-Weight Jigs, W. G. 
Harvey, American Machinist, Oct. 10, p. 703. 

Science and Practice in Metal Cutting, Erich 
Bickel, American Machinist, Oct. 10, p. 693 . . . . 
Fundamentals in Selection of Cutting Oils, W. D. Huff- 
man, S.A.E. Journal, Dec., p. 463. 

Industrial Lubrication and Lubricants, O. L. Maag, 
Blast Furnace & Steel Plant, Nov., p. 625 .... New 
Developments in Lubrication, G. W. Miller, Iron & Steel 
Engineer, Sept., p. 347... . : Air Clutch Forging Ma- 
chine, Heat Treating & Forging, Sept., p. 451. 

Cutting Oils and Their Selection, W. D. Huggman, 
Steel, Nov. 19, p. 29. 

Types and Uses of Press Tools, S. F. Arthur, 
Western Machinery & Steel World, Nov., p. 326... 
Swaging of Stamped Parts, J. K. Olsen, Product Engi- 
neering, Dec., p. 442.... ! An Automatic Flying Shear, 
R. H. Wright, Electric Journal, Sept., p. 357. 


Testing and Design 


Line-Reversal Method of Measuring Flame Tem- 
perature, W. T. David, Engineering, Nov. 2, p. 475 
. . . . Measuring Temperature of Molten Steel, R. S. 
Whipple, Engineer, Oct. 5, p. 346. 

The Lower Yield Point in Mild Steel, B. P. Haigh, 
Paper for the British Association, Sept. 12 (Engineer- 


(Continued on page 56) 
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whal tHuminun can do for you? 


* Aluminum can save you money. Several 
ways: Lower cost per piece. Or lower assembly 
cost. Or lower finishing cost. Any or all of these 
are possible. You owe it to yourself to find out, 

Aluminum can improve your product. Weight 
saved in one part can improve the performance 
of a whole machine. Corrosion licked at one 
point may add years to the life of your product. 
Heat conducted faster at one point can add to 
the efficiency of the whole device. You owe it 
to yourself to find out. 

Aluminum can improve the appearance of 
your product. Its color is in the modern mode, 


JANUARY, 1935 


and you can finish it so it will stay bright or 
matte, just as vou wish. Find out about that, too. 

There is a whole family of strong alloys, to 
give you the right answer for each particular 
part. Our business is to help you by suggesting 
the right alloy, and the most economical form 
of fabrication. That might be a casting, a forg- 
ing, a stamping, or a screw machine product. 
Aleoa Aluminum has been made versatile in 
form as well as ability, for you to use more 
economically than ever, in 1935, May we help 
you? ALUMINUM COMPANY OF AMERICA, 


1801 Gulf Building, Pittsburgh, Pennsylvania. 
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LOW SHRINKAGE 
LOW DUSTING LOSS 


UNIFORM ACTIVITY 


MARKED 
ECONOMIES 


IN THE CARBURIZING OF STEEL 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 


BLAST CLEANING 


THE QUICKEST, LOWEST COST CLEANING 
FOR ALL HEAT TREATED PARTS 


@ PANGBORN Blast Cleaning Cabinets, Barrels and 
other types of equipment are in daily use removing 
scale from all sizes and shapes of Heat Treated parts 
—at lowest possible cost! Finish is always uniform. 
Production constant Hand or automatic operation. 


Bulletins gladly mailed upon request. 


PANGBORN CORPORATION 


HAGERSTOWN MARYLAND 


ARTICLES WORTH READING 


ing, Noy. 2, p. 461) . . Compression Tests of Struc- 
tural Steel at Elevated Temperatures, P. D. Sale, Bureau 
of Standards Journal of Research, Nov., p. 713 . “a 
Elastic Strain in Perforated Plates, Metallurgist, Aug. 
31, p.152... . . Plastic Deformation in Gusset Plates 
at Pin Holes, R. H. Heyer, Metals and Alloys, Dec., 
p. 285 . . . . Effect of Three-Dimensional Stress on 
Ductility of Tubes, Metallurgist, April 27, p. 116.... 
Plasticity of Iron at Low Temperatures, K. Heindlhofer, 
A.IL.M.E. Tech. Pub. No. 581 Metals Technology, Oct. 

“Stroborama” Stroboscope, Engineer, Sept. 21, p. 
293. . . . Skoda-Sawin Wear Testing Machine, En- 
gineer, Dec. 7, p. 565 . . . . Radiographic Examination 
of Rivets, V. E. Pullin, Engineer, Nov. 2, p. 429... . 
Quality of Steel—Magnetic Tests, T. F. Wall, Engineer, 
Dec. 7, p. 564. 

Metallographic Work at Low Temperatures, O. A. 
Knight, Metals & Alloys, Nov., p. 256 . . . . Metal- 
lography of Ferrite in Malleable Cast Iron, H. A. 
Schwartz, American Foundrymen’s Association, Octo- 
ber Meeting . . Photomicrography With Utra Vio- 
let Radiation, A. J. Allen, Journal Franklin Institute, 
Dec., p. 701 . . . Veining of Ferrite, L. Northcott, 
Metallurgist, Oct. 2, p. 163. 

Permissible Stress Range for Small Helical Springs, 
F. P. Zimmerli, University of Michigan Engineering 
Research Bulletin No. 26. 

Influence of Notches on Fatigue of Metals, D. J. 
McAdam, Jr., Bureau of Standards Journal of Research, 
Oct., p. 527. 

Powder Metallurgy of Ferrous Materials, Charles 
Hardy, Steel, Nov. 19, p. 52... . . Effects of Hydrogen 
in Steel, Metallurgist, Oct. 26, p. 171 . . . . Prediction 
of Equilibrium Conditions in Alloy Systems, Metal- 
lurgist, Oct. 26, p. 174. 


HIGH SPEED 
SCREW STOCK 


Production of machine parts in- . 
creased 30% to 40% or more 
by the use of ULTRA-CUT STEEL 


For details 
TER MADE STEELS ata, 
ORY. FESTEL B Folder 
3-G 


COLD FINISHED BARS AND SHAFTING 
BLISS & LAUGHLIN, INC. 


HARVEY.ILL. Offices in all Principal Gites BUFFALO,N.Y. 
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New! LEITZ MICRO- 
ek. METALLOGRAPH 


om y Simplified Model **MM-2” 


NOTE: The Leits Darkfield 
Equipment and the new ser- 
ies of Leitz Objectives (cor- 
rected for infinity) are sup- 
plied with the Simplified 
Micro-Metallograph *MM-2°. 


has hitherto existed for micro-metallographic 
equipment arranged in its construction to meet 
the efficiency known to exist with the large Micro- 
Metallograph, however, in price so arranged, that 


The Inverted Microscope and Camera of Micro- 
Metallograph Simplified Model “*MM-2” repre- 
sent a modified as well as simplified construction 
of the well known Leitz Micro-Metallograph 


Large Model “MM-1” which is so successfull industrial and educational laboratories with a mod- oa 
used for micro-analysis of metals. The purpose of erate purchasing budget can be accommodated. viehie 
offering the Simplified Model “*MM-2” is to pro- 
vide at the lowest possible cost an instrument includ- im, 
ing all essential equipment both in optical and me- E. LEITZ, Inc., Dept. 636, 60 E. 10th St., New York ee 4. yi 
chanical respects that meets the entire range of eet BRANCHES | 7 . ae 
practical requirements from carbon-iron alloys to CHICAGO, ILLINOIS WASHINGTON, D. 
122 Seo. Michigan Ave. 927 Investment Bldg. 2 


. LOS ANGELES, CALIP. SAN FRANCISCO, CALIP. 
Spindler & Sauppe Spindler & Sauppe 


The New Instrument fulfills a demand which 811 W. ith St. 86 Third St. 


JESSOP’S 
SHEFFIELD STEELS 


Universally Recognized As 
The Standard of Quality 
>< 


Steel production troubles should be borne 
by the maker—not the user. 


HAPPY NEW YEAR! 


Another year of service 
history is behind Q-ALLOYS. 


There is no substitute for 
experience in alloy engi- 
We put this into practice by careful inspec- 
tion at each stage of manufacture and by 
subjecting each piece of steel to a final 
metallurgical test that is rigid and thorough. 


neering and manufacture. 


There is no experience or 


service records in the entire 
Insure yourself against production troubles 


field that approach 
—select Jessop’s Sheffield Steels. 


LO 
Wm. Jessop & Sons 
: 1774 Incorporated 1934 
GENERAL ALLOYS CO. NEW YORK BOSTON TORONTO CHICAGO 
121 Varick Street 163 High St 59 Frederick St Monroe & JeHerson 
B ~ S T O N C H A M P A | G N Agencies and stocks throughout the United States 
; JANUARY, 1935 57 
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ELPFUL LITERATUR 


Free for the Asking 


Deoscillator 


How you can wipe out bother- 
some temperature lags at small ex- 
pense is told by Foxboro Co. in a 
bulletin describing the Deoscillator, 
an auxiliary control unit) which, 
when operated with the regular 
pyrometers, gives an anticipating 
effect to the control action. Bulle- 
tin Jx-21. 


Pre-Heating Furnace 

General heat treating operations 
up to 1900° F., pre-heating of high 
speed steel, annealing and firing of 
glass are some of the applications 
listed in American Electric Furnace 
Co.'s folder on their new model 
B-20 furnace. Bulletin Jx-2. 


Dark Room Layout 


A novel card 9142x113 in. contain- 
ing suggested arrangements for a 
photomicrographic dark room has 
been designed by Bausch & Lomb. 
Costs for installation are estimated, 
and on the reverse side are printed 
rules for using the dark room. Bul- 
letin Jx-35. 


Radium Radiography 


Advantages of portability, ease of 
application and manipulation in 
examination of castings, forgings, 
molds, weldings, and assemblies are 
attributed to radium for industrial 
radiography. Details are given in 
a booklet issued by Radon Co. Bul- 
letin Jx-56. 


Blast Cleaning 


A centrifugal machine’ which 
cleans castings without the use of 
compressed air is the subject of 
Pangborn Corporation’s new folder. 
How and why 1800 Ib. of castings 
can be cleaned in 8 min. at low 
cost is told. Bulletin Jx-68. 


Electric Furnaces 


A wealth of information on con- 
trolled atmosphere electric furnaces 
is contained in General Electric 
Co.s booklet by that name.  De- 
tailed data are given on electric 
brazing particular. Bulletin 
Jx-60. 


Multiple Tables 


Ten convenient and simple tables 
in this booklet by Timken Steel & 
Tube enable the steel user to tell at 
a glance either how long his stock 
must be to furnish a definite num- 
ber of multiples, or how many 
multiples can be cut from a given 
length of stock. Bulletin De-71. 
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Fast-Cutting Steel 


Bliss & Laughlin, Inc., offer an 
interesting technical folder on UI- 
tra-Cut Steel, giving performance 
records of this high-speed screw 
stock on automatic screw machines. 
Physical data and microstructures 
are presented. Bulletin Ob-42. 


Hard Carbide 


An extremely interesting little 
booklet describes “the hardest ma- 
terial ever produced by man for 
commercial use.” This is boron 
carbide, and its manufacture, prop- 
erties, and uses as an abrasive and 
as a wear resisting material are 
told by Norton Co. Bulletin De-88. 


Heat Resisting Alloys 


Authoritative information on al- 
loy castings, especially the chro- 
mium-nickel and straight chromi- 
um alloys manufactured by General 
Alloys Co. to resist corrosion and 
high temperatures, is contained in 
Bulletin D-17. 


Everdur 


Properties, applications, and 
forms available of this copper- 
silicon-manganese alloy de- 
scribed by American Brass Co. 
High strength and corrosion re- 
sistance, ductility, weldability, 
workability, and moderate price 
are some of the advantages featured. 
Bulletin De-89. 


X-Rayed Alloy Castings 


Electro Alloys Co. describes their 
X-Ray inspection of Thermalloy 
heat resisting castings for high tem- 
perature work. Considerable data 
on the use of X-Ray tubes and 
“radon” capsules to check foundry 
practice are presented. Bulletin 
Oc-32. 


Thermit Welding 


Metal & Thermit Corp. offers a 
new booklet showing all the pos- 
sibilities of Thermit welding, ex- 
plaining the action, and telling in 
detail how representative Thermit 
welds can best be made. Well illus- 
trated and clearly written. Bulletin 
Ar-64. 


High Strength Steel 


Cromansil steel, a development of 
Electro Metallurgical Co., has high 
strength and good ductility “as 
rolled” and is thus fine for struc- 
tural applications where its great 
strength saves much dead weight. 
Bulletin Je-16. 


Aluminum Alloys 


Working facts on aluminum - 
the properties and heat treatment 
of both cast and wrought alloys - 
are briefed for the manufacturer 
and designer in a booklet by Alu- 
minum Co. of America. An ap- 
pendix gives tables of physical 
properties, forms and sizes avail- 
able. Bulletin De-54. 


Air for Furnaces 


Users of gas or oil-fired furnaces 
know the necessity for a depend- 
able source of large volumes of air 
at low pressures. A generously il- 
lustrated folder of Spencer Turbine 
Co. shows why their Turbo-Com- 
pressors give unfailing, economical 
air service. Bulletin Mr-70. 


Carburizing Boxes 


Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes. 
Physical properties at room tem- 
perature and under operating con- 
ditions are given, as are the advan- 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


Molybdenum in 1934 


Climax Molybdenum Co. presents 
their annual book giving new de- 
velopments in molybdenum, partic- 
ularly as an alloy with iron and 
steel. The engineering data pre- 
sented are made clear by many 
tables and illustrations. Bulletin 
Dec-4. 


Atmosphere Furnaces 


An interesting folder of Surface 
Combustion Corp. gives perform- 
ance data on their atmosphere fur- 
naces in actual production bright 
annealing of ferrous and non-fer- 
rous metals and carburizing, nitrid- 
ing, forging and hardening with- 
out scale. Bulletin De-51. 


Bright Annealing 


Electric Furnace Co. tells about 
their controlled atmosphere fur- 
naces for continuous deoxidize an- 
nealing, bright normalizing and an- 
nealing ferrous and non-ferrous 
metals. Work comes clean, bright 
and dry from these furnaces. Bul- 
letin No-30. 


Liquid Carburizing 


E. F. Houghton’s Perliton liquid 
carburizer is the subject of a 23- 
page booklet. Depth of case, speed 
of penetration, and other results 
are well illustrated with graphs and 
photomicrographs. Nv-38. 
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Sheet Iron Primer 


The fifth edition of Republic's 
handsome 64-page booklet which 
tells the story of modern sheet iron 
in simple, non-technical language 
is now available. Gage tables and 
an interesting glossary of metal- 
lurgical terms are included. Bul- 
letin De-8. 


Cast Vanadium Steel 


Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings contain- 
ing various percentages of vanadi- 
um. Bulletin S-27. 


Multiple Point Records 


A circular describing Leeds & 
Northrup’s Micromax Multi-Color 
6-point Recorder gives a reproduc- 
tion of an actual chart in six col- 
ors showing how each numeral is 
printed in a contrasting color, thus 
avoiding errors and saving time. 
Bulletin De-46-A. 


Nickel Cast Iron’s Uses 


The role of nickel and nickel- 
chromium cast iron parts in such 
applications as fabricating sheet 
metal, pressing and forging is in- 
terestingly explained in a new pain- 
phlet of International Nickel Co. 
Bulletin Ag-45. 


The Lindberg Control 


The Lindberg Control announced 
a few months ago for electric fur- 
naces is now available for fuel fired 
furnaces. Controlling the input of 
fuel fired furnaces eliminates the 
lag caused by the protecting tube 
around the thermocouple and re- 
sults in straight line temperature 
control. Nv-66. 


Hardness Testing 


Men interested in hardness test- 
ing may find it worth while to read 
the recent catalog of Wilson Me- 
chanical Instrument Co. which de- 
scribes the latest design of Rock- 
well hardness testers and auxiliary 
work supports. Bulletin Sp-22. 


Carbonol Process 


The Carbonol process of carbu- 
rizing is described in detail in a 
folder of Hevi Duty Electric Co. 
Results are said to be quicker, 
cleaner and better cases at very low 
cost. Bulletin Jy-44, 


Testing with Monotron 


Shore Instrument & Mfg. Co. of- 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately un- 
der all conditions of practice. Bul- 
letin Je-33. 


X-Rays in Industry 


Hardening Furnaces 


The C. Il. Hayes Certain Curtain 
electric furnace for the range 1200 
to 1850° F. is described in this 
bulletin. Its applications to harden- 
ing of carbon, stainless, and alloy 
tool steels and to preheating high 
speed steel are discussed. Nv-15. 


Properties of Stainless 


Carpenter Steel Co. offers (to 
manufacturers in U. S. A. only) a 
handy pocket size slide chart 
which gives at a glance a summary 
of technical data on all Carpenter 
stainless steels. Bulletin Se-12. 


Cold Drawn Shapes 


Many applications of cold drawn 
squares and flats are enumerated 
by Union Drawn Steel Co. in this 
folder. Sizes, grades of finish, and 
compositions available are listed. 
Nv-83. 


Induction Furnaces 


A publication of Ajax Elee- 
trothermic Corp. tells of the de- 
velopment, operating principles, 
applications, and advantages of 
commercial Ajax-Northrup coreless 
induction furnaces energized by 
motor generator sets. Also infor- 
mation regarding standard sizes of 
motor generator sets and furnaces. 


Bulletin Jr-41. 


Cyanides and Salis 


R & H Chemicals Department of 
E. I. du Pont de Nemours Co. has 
a new 28-page manual on the pro- 
cedure for case hardening, reheat- 
ing, nitriding, and mottling of steels 
with cyanides, and on _ coloring, 
tempering, and drawing with salts. 
Nv-29. 


Big-End-Up 


Gathmann Engineering Co. briefly 
explains the advantages of steel cast 
in big-end-up ingots, showing the 
freedom from pipe, excessive seg- 
regation and axial porosity. An 82% 
ingot-to-bloom yield of sound steel 
is usual. Bulletin Fe-13. 


Reports on Firebrick 


Babcock and Wilcox Company 
offer a very complete set of Service 
Reports on Insulating Firebrick. 
These reports contain valuable data 
on adaptability of refractories and 
savings possible. Bulletin Ob-75. 


Welding Rods 


Linde Air Products Co, has pub- 
lished an attractive book which de- 
scribes in clear, non-technical 
language the properties, character- 
istics, and uses of every type of 
Oxweld welding rod. A fund of 
reliable general information on 
welding rods is an important fea- 
ture of the book. Bulletin Jr-63. 


Metallograph 


A new 36-page booklet of E. Leitz, 
Inc., contains all information on the 
Leitz large Micro-Metallograph, 
MM 1. Excellent photomicrographs 
are reproduced to show its ca- 
pacity. Special attention is given 
to the darkfield illumination fea- 
ture. Bulletin Se-47. 


Pyrometer Accuracy 


A thought-provoking folder of 
Hoskins Mfg. Company explains 
how the use of Chromel-Alumel for 
pyrometer lead-wires makes it pos- 
sible to take full advantage of mod- 
ern pyrometric instruments. Bul- 
letin Ob-24. 


Heat Treating Manual 


A folder of Chicago Flexible 
Shaft Co. contains conveniently ar- 
ranged information on heat treat- 
ing equipment for schools, labora- 
tories and shops, and also illustrates 
the several types of Stewart indus- 
trial furnaces. Bulletin Ar-49. 


Stainless Steel Uses 


The wide range of applications 
of Allegheny Metal, best known of 
Allegheny Steel Co.’s corrosion and 
heat resistant steels, is pictorially 
covered in a new and interesting 
booklet. Bulletin Ob-92. 


Manual of Pyrometry 


Brown Instrument Co. offers an 
elaborate manual which describes 
the 50 exclusive features of their 
potentiometer pyrometer. The book 
will greatly interest those who must 
maintain accurate temperature. 
Bulletin Jr-3. 


Localized Heat Treating 


American Gas Furnace Co. offers 
information on production § ma- 
chines for localized hardening, 
tempering or annealing of tools, 
saws, springs, screws and machine 
parts of all kinds, using gas as 
fuel. Bulletin Ag-11. 


Metal Progress 
7016 Euclid Ave., Cleveland 


Please have sent to me without charge or obligation the following 


Literature described in the Jan. issue. 


(Please order by number only.) 


General Electric X-Ray Co. has 
available a profusely illustrated bro- 
chure which gives the complete 
of X-Rays, the modern inspection 
tool. Bulletin Ma-6. 
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Columbia 


TOOL STEEL 


Let’s make ita... 


PROSPEROUS 
NEW YEAR! 


ARTHUR T. CLARAGE 
Presidenc 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE ANO WORKS © 


500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 


Industrial Furnaces 
of all kinds 


Forging, Heat Treating, 
Metal Melting, etc. 


Car type furnaces, Conveyor fur- 

naces, and the Stewart Gasifier 
bd 

A Stewart representative is located 


near you. Let us know and we will see 
that he gets in touch with you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U. S. A. 


FLEXIBLE SHAFT COMPANY, Ltd. 
349 Carlaw Ave., Toronto, Ontario, Canada 


Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 


ALLOYS 


- that of high conductivity, high strength copper 
cable. But outside of this, my guess is that the 
demand for age hardening non-ferrous alloys in 
the near future is likely to be intensive rather 
than extensive, varied in character rather than 
simple, and that the alloys used will be many 
rather than few. Consequently, their develop- 
ment may be slow in tempo. This development 
will certainly give the metallurgist plenty of 
mental exercise and worry, but it may, only 
slowly, make much money for the producer and 
the user. 

But I have little doubt that even outside of 
those fields in which a fairly broad demand 
exists for high strength non-ferrous alloys, age 
hardening alloys will in their own diverse ways 
ultimately prove to be of great importance to 
users of metals. In order for them to “make 
good” they will have to be flexible and agile of 
performance, they will have to squeeze into tight 
places — and into tight specifications. They will 
have to fit themselves for the increasing number 
of special needs and requirements of our metal 
fabricating and manufacturing industries. For- 
tunately, this is just the sort of situation for 
which they are, on the whole, admirably adapted. 


Changes But One Property 


For alloys may be rendered age hardenable 
by the addition of very small amounts of the 
hardening agent. Aluminum is hardened, for 
example, by the addition of about 1.5°° of mag- 
nesium plus silicon, and lead, with as little as 
0.1°¢ of calcium. Indeed, we may accept it as 
theoretically possible, at least, to find some suit- 
able hardening agent, which in modest propor- 
tion will harden any alloy, no matter what its 
composition. Now, although such an addition 
may profoundly affect the mechanical properties 
of the base alloy, it is not likely to affect very 
appreciably its chemical and physical properties 
— particularly if the required or added amount 
is small. We are thus in position by the age 
hardening method, again theoretically, to alter 
the mechanical properties of alloys independ- 
ently of their other properties. So in the future 
when we require special alloys for special pur- 
poses, I think we shall be apt to turn to age hard- 
ening as a convenient and ready answer. 
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; The problem in selecting a steel is to choose Metallurgists of the Vanadium Corporation, 

one that will enable the manufacturer to du- _ familiar with the difficulties of spring design 

= | . 

; iS plicate the results desired thousands and thou- and manufacture, will be glad to co-operate 

: VAN? sands of times with regularity and a minimum __ with you. . 

¢ FERRO-ALLOYS of effort and cost. 
of vanadium, silicon, ; P VANADIUM CORPORATION OF AMERICA 
pane ge Bd Its demonstrated melt to melt uniformity 120 BROADWAY, NEW YORK, N.Y. Bs 
Vanadium Corpore. and its conceded freedom from sensitivity mak PITTSBURGH a 

‘anadium Corpora- e ree om sensitivity Make “An "ITTS G 
of As CHICAGO Bridgeville, Pa. DETROIT 


tion of imeria, are 

d steel . . 
Silicon-Vanadium the ideal analysis for coil 
bigh-quality steels. 


Plants at Bridgeville, Pa., and Niagara Falls, N.Y 


Development Laboratories, Bridgeville, Pa. 


springs of many types. Research and 


VANADIUM STEELS 


for strength, toughness and durability 
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A Battery of Rotaries 


Gas Carburizing 


This method of case hardening is receiving 


more and more attention because of its 


many advantages. The process has been 


employed most successfully in American 


Rotary and Vertical Retort Carburizers. It 


was invented by our President. Our ex- 


perience is at your command. 


* 


Clean Hardening and 
Annealing 


And these same Rotaries and Verticals may 


be used for clean hardening, annealing, etc. 


The work is heated in a retort. Any de- 


sired atmosphere can be carried in this re- 


It follows, therefore, that the work 


tort. 


can be heat treated without scaling or de- 


carburization. Special provision may be 


made for discharging according to the exact 


nature of the work and kind of equipment. 


Results are uniform. 


Labor is a minimum. 


Cost is extremely low. 


* 


Nitriding 


By using special gas in the retort as, for ex- 


ample, ammonia, work may be nitrided. 


Combinations of gases may be employed 


for special treatments such as our “* Ni-Carb- 


Write for Complete Information 


AMERICAN GAS 
FURNACE COMPANY 


ELIZABETH, NEW JERSEY 


IRON AND STEEL 


stainless has certain advantages over the light 
metals, such as superior resistance to corrosion, 
abrasion and nicking; it will also stand more 
heat without softening. 

The weight reduction which is now sought 
in the transportation industry will be obtained 
first by a more careful study of design in the 
cheaper materials — plain carbon and low alloy 
steels — and secondly by the use of stainless 
steel and of the light metals in accordance with 
their peculiar merits. 


Future Trends 


Perhaps the most marked trend of very re- 
cent years and of today might be defined as an 
intensive study of the application of iron and 
steel. The problem of the user is to select ma- 
terials that will fulfill the required functions at 
the lowest ultimate cost. In the past it has been 
necessary to concentrate attention largely upon 
satisfactory performance, and this will, of course, 
always be an essential part of the problem. 
There is now available for most purposes, how- 
ever, a considerable variety of materials which 
will perform satisfactorily, and attention is be- 
ing directed more and more to the cost factor. 
In this effort, it is realized that the true criterion 
is not the first cost of the raw material, but the 
final cost of the fully fabricated product. 

There is in view no basically new process 
of steel manufacture, applicable in our principal 
industrial areas, which offers any substantial 
economies in the making of steel. There is room 
for further economies in the operation of present 
methods, particularly in the direction of bringing 
these methods under closer control. And there 
is decidedly an opportunity for substantial re- 
ductions in the cost of finished steel producis to 
the ultimate consumer through the intensive 
study of applications and of fabricating proc- 
esses which is now taking place. 

The extension of the use of steel into new 
fields has not stopped. The era of tonnage de- 
velopment was in the hands of the very capable 
practical steel-masters. There has now been 
added the powerful aid of applied science, and 
the result can only be a still further increase in 
the already remarkable utility of iron and steel 
to mankind. 
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